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PROPELLERS WITH ADJUSTABLE BLADES. 


REsuLts oF MopEeL EXPERIMENTS. 
By Dr. H. F. Norpstrom*. 


INTRODUCTION. 


The purpose of this paper is to give an account of some tests 
with propellers with adjustable blades which have been carried 
out during 1943 and 1944 at the Swedish State Shipbuilding 
Experimental Tank at Goteborg. 

The tests were ordered by Consul General Axe Ax:son JoHN- 
son. The technical programme for the research work has been 
prepared by a committee consisting of Mr. Eroy ENGLEssoNn 
(designer of the Kamewa Propeller), Mr. Forks Setpén (Con- 
sulting Naval Architect), and the author of this paper. 

When designing a propeller with adjustable blades, working 
under the most varying load conditions such as towing and ice. 
breaking, the question arises as to whether the initial pitch (the 


* Director of the Swedish State Shipbuilding Experimental Tank, Gothenburg. 
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pitch for which the propeller is to be designed) should be deter- 
mined according to conditions when free of tow or be made 
suitable for conditions at additional load, and thus be made with 
reduced initial pitch. It is assumed that the same propeller 
diameter is used in all cases. With reduced initial pitch it can be 
foreseen that the performance when working astern will be im- 
proved if reversing is assumed to take place by adjusting the 
blades without altering the direction of rotation. It is, in the first 
place, these questions which will here be investigated. It does not 
appear that any investigation of questions of this kind has been 
made before. The matter has now, however, a certain current 
interest since propellers with adjustable blades have come into an 
increasing practical use. Such an investigation may also be of 
importance in connection with the use of propellers with adjust- 
able blades for ships in general. 

In connection with these investigations the question of the 
influence of the propeller Rpm. has been studied. A comparison 
has also been made between propellers with adjustable blades and 
propellers with fixed blades. 


SYMBOLS AND UNITS. 


The following symbols, adopted by the Conference of Tank 
Superintendents in Paris, 1935, are used. 


V == displacement (volume) 

N == shaft horsepower (SHP) 

n = revolutions per unit time (Rpm. or Rps.) 

D == diameter of propeller 

Ho = initial face pitch 

H == pitch in general or adjusted pitch, when adjustable 


blades are used 





irk et pitch ratio 

Q == torque 

Ce == me ie = torque coefficient 
o D® n? 

T == thrust 

Cr. = . == thrust coefficient 
o D* n? 

2 == density of water 


n == propeller efficiency (in open water ) 
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P = pull 

V = speed (speed of ship or speed of advance) 
A 

g 


ies Bee advance coefficient 
Dn 


= acceleration due to gravity 


Metrical units are used throughout. 


1 ton ==1000 kilos (1 ton = 0.984 Engl. tons) 
1 knot = 1 852 m/h (1 knot == 0.999 Engl. knots) 
1 HP =75 mkg/s (1 HP = 0.986 Engl. HP) 


Testep SHip MOopDEL. 


As the object to be experimented on, a model of a harbor ice- 
breaker, designed by Mr. Fo.txe Setp&n, was used. The model, 
which is hereafter referred to as No. 82, was made of wood and 
to the scale 1:12. The oultines can be seen from Fig. 1. Fig. 2 
is a photograph of the model during the erection of a propeller. 

The main data of the ship and model were as follows: 


Ship Model 
Length on WL........ =317 m 264m 
Length between PP....==32.5 m 2.71 m 
Breadth on WL....... = 94m 078m 
Mean draught ........ = 40m 033 m 
Displacement ......... = 535 m* 309.6 kilos (in tank water) 


Resistance tests and self propulsion tests were made in smooth 
water and with the same immersed model volume. 


TESTED PROPELLER MOopDELS. 


Altogether six sets of blades were tested, there being three blades 
in each set. The same boss was used for all sets. The propeller 
blades as well as the boss were designed in collaboration with Mr. 
Hans Epstranp (at the Karlstads Mekaniska Werkstad, Kristine- 
hamn). : 

With five of these sets (P49 to P52, and P55) the available 
SHP (at the shaft end) was, in the first place, assumed to be 
1200 at 154 Rpm. The initial pitch for P49 was calculated to suit 
conditions when free of tow. The initial pitch for P50 and P51 
amounted to 2/3 and 1/3, respectively, of the initial pitch for 
P49. P52 had initial pitch = 0, i. e. the blades were plane on the 
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driving face (when going ahead). P49—P52 had a constant 
initial pitch on the driving face. P55 was identical with P49 
except that the initial pitch was somewhat reduced towards the 
boss. All the propellers had the same diameter, same expanded area, 
and the same sections. The diameter will, of course, be different 
according to whether the calculations are based on conditions 
corresponding to free of tow or heavy towing (see appendices 1 
and 2). In the latter case a larger diameter is required. In the 
present case, as often happens, the diameter was determined with 
consideration to the space in the propeller aperture. The diameter 
chosen is, on the whole, the most suitable one for free of tow. 
Fig. 3 is a drawing showing the propellers. 

The sixth propeller, P82, was calculated for a propeller speed 
(231 Rpm.) which exceeded by 50% that of the previous pro- 
pellers. The same SHP, i. e. 1200, was assumed. As the same 
boss as for the other propellers was to be used the diameter was 
chosen somewhat larger than would otherwise have been the case. 
The initial pitch, which was kept constant, was chosen about 10% 
smaller than that required when travelling ahead and free of tow. 


The shape of the blades can be seen from Fig. 3. The sections 
were of the same character as for those of the other propellers. 

The principal data for the six propellers can be seen from 
Table 1 


Table 1. Particulars of Tested Propellers. 





P49 P50 P51 P52 P55 P82 


m| s |m| 8s |m| 8 m | 8 m | 8 |m| e@ 





Propeller 














300) 3 600/300| 3 600/300 300) 3 600/300) 3 600/260) 3 120 
207) 2 484/138) 1 656 0 0}207| 2 484/120) 1 440 
0.69 0.46 0.69 0.46 
1 */, 1 aa 
Number of blades 3 3 3 3 
Exp. area/discarea % 40 40 40 35 






































m = model, s = ship 


At another setting than the initial pitch, the pitch was charac- 
terized by the distance in the axial direction between two points 
on the blade at a radius == 2/3 of the outer radius and at an 
angle of opening viewed in the axial direction == 40°. The expres- 
sion “adjusted pitch” or simply “pitch” will be used in this con- 
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Fig. 4 


nection, although the word “pitch” in the strict sense is not 
justified. 

Each individual blade could be adjusted by hand and then 
locked. (see Fig. 3). 

RESISTANCE TESTS. 

With the model resistance tests were made within a range of 
speed corresponding to 3 to 13.5 knots. In these teSts the model 
was provided with a rudder and a blind boss according to Fig. 1a. 
The results of these tests can be seen from Fig 4, also from 
Table 2. The primary results with the model were transferred to 
the scale of the actual ship in the conventional way according to 
Froupe’s method. The weight of the water was assumed to be 
1.015 tons/m*. 

In Fig. 5 photos of the model when travelling ahead at two 
different speeds are presented. 

Resistance tests were also made with the model when going 
astern. The model was then in the same condition as during the 
tests when going ahead. The results of these tests can also be 
seen from Fig. 4 and Table 2. 
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Table 2. Results of Resistance Tests with Model No. 82. 












































Ahead Astern 
Speed | Resist- Change of level | Resist- Change of level 
ance EPH Bow Stern ance EPH | stern | Bow 
knots kgs mm mm kgs mm mm 
3 161 3.3 10 30 — — _ _ 
4 272 7.4 36 36 — — _— _ 
5 425 14.6 61 50 548 19 — | — 
6 638 26 85 66 744 31 61 |. 80 
7 929 45 119 85 1 020 49 66 98 
8 1 281 70 160 115 1370 75 78 115 
9 1 745 108 202 138 1 890 117 120 144 
10 2 390 164 256 158 2 600 179 177 170 
11 3 240 245 329 190 3 450 261 235 200 
12 4 960 408 420 205 5 030 414 324 224 
13 9 040 806 585 172 8 550 762 517 194 
13.5 | 12320 1141 693 11) _ — = sate 





PRoPpELLER TESTS IN OPEN WATER. 

Althought tests in open water were somewhat beyond the scope 
of the present investigations such tests were, nevertheless, also 
made. 

Fig. 6 shows the results of tests in open water with P49 and 
P50, whereby the pitch in both cases was adjusted to the initial 
pitch of P49. In Fig. 7 the results of tests with P49, P50, P51, 
and P52 are shown with the pitch in all cases adjusted to the 
initial pitch of P50, and in Fig. 8 the results with P49 and P51 
are given with a pitch equal to the initial pitch of P51. Finally, 
in Fig. 9 the results with P49 and P52 are shown with the pitch 
adjusted to Q, i. e¢. the initial pitch of P52. 


SeLtF Proputsion TEsTts. 

The main part of the research consisted of tests with the model 
self propelled by the different propellers, partly when travelling 
free of tow ahead and astern, partly when towing ahead at 7, 3.5, 
and 0 knots and astern at 0 knots. 

Altogether, with the resistance tests and the propeller tests in 
open water, 146 series of tests with the different propellers were 
made at different settings of the pitch. Altogether 725 runs were 
made with the towing carriage. Very extensive tests results are 
in hand which have not yet been completely worked out. Of the 
results obtained so far, only a selection can be presented here. 
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As already mentioned the available SHP at the shaft end was 
assumed to be 1200 at 154 Rpm. Similarly, the SHP was also 
assumed to be 800 at 140 Rpm. (This latter combination of power 
and revolutions was chosen so as to suit the propeller P49 with 
initial pitch when free of tow ahead. The fact that the diameter 
became somewhat too large for this case was, however, thereby 
disregarded. ) 

For investigating the influence of the revolutions, the SHP was, 
moreover, assumed to be 1200 at 231 Rpm> As already mentioned 
P82 was designed under this assumption. 


In the comparison between propellers with fixed blades and pro- 
pellers with adjustable blades it was assumed, for simplicity’s sake 
that the range possessed by the engine is characterized by 
triangular diagrams according to Fig 10, i. e. the moment is con- 
stant and the revolutions limited by a governor. Also when going 
astern—either by reversing the direction of rotation of the shaft 
or with unaltered direction of rotation—it was assumed that the 
same engine characteristics apply. 

Main Tests—The principal object of the investigation was to 
obtain, by means of a suitable adjustment of the pitch of the 
propellers, information on the following points, viz: 


1. Maximum speed when running free ) 

2. Maximum pull at 7 knots At 

3. Maximum pull at 3.5 knots 1200 SHP, 154 Rpm. 

4. Maximum pull at zero speed or 

5. Maximum pull when going astern , 800 SHP, 140 Rpm. or 
at zero speed in some cases at : 

6. Maximum speed when running free 1200 SHP, 231 Rpm. 
astern 





All tests were conducted according to the “Continental” 
method?) with a tow rope force applied to the model equal to the 
skin friction correction for ship, reduced to model scale at each 
speed. The primary results with the model were transferred 
according to conventional methods, to the scale of the actual ship. 
All data in the following Figures and: Tables refer to the actual 
ship. As the object of the investigations was, in the first place, to 


1 See: Congrés international des directeurs de bassins, Pzris, 1935, p. 86. 
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Ship running free ahead 
P55; 1200 SHP at 154 r/m 
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Stup runrung free astern 
P52, 1200 SHP at 154 r/m 


Ship running free astern 
P52; 1200 SHP at 154 rm 
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make a comparison between different cases, no corrections have 
been made for roughness, scale effect, etc. 

The tests when travelling free were made in the following way : 
With each propeller three (or more if required) self propulsion 
series were run with the blades set for different pitches. Fig. lla 
and 11b give an example of how the results from these self pro- 
pulsion series were worked out graphically. Fig. 1la shows how, 
by means of interpolation (or in some cases by extrapolation) 
the maximum speed and the correspondingly adjusted pitch is 
obtained. The way of representation according to Fig. 11b is a 
checking and at the same time a more careful determination of 
the adjusted pitch. The example represents the tests with pro- 
peller P55 when travelling free ahead. The propeller was then 
adjusted to pitches 2070, 2484, and 2898 mm. In Fig. 12a and 
12b another example is shown applying to propeller P52 when 
going astern. The propeller was adjusted to the pitches — 2070, 
— 2484, and — 2898 mm. 

The tests when towing were made in a similar way. Then 
arrangements were, moreover, made to measure the pull produced 
in each case. The pull was taken up by a horizontal wire 1.8 m 
above water level (at the ship’s scale). For measuring the force 
in the wire the ordinary resistance dynamometer of the carriage 
was used, The method of working out the preliminary results 
can be seen from Fig. 13a, 13b, 13c, and 13d. Fig. 13d consists of 
cross curves at 154 Rpm. from the other figures. The example 
represents the tests with propeller P51 when towing ahead. The 











424 PROPELLERS WITH ADJUSTABLE BLADES. 



































Towing ahead 
PSI ; Pitch=l242mm 
20 
pee ee ta 
4 
pie 4 s 
“aA ° 
“4 
' es 
‘a ag 
= /000;-< i 40 
¢ Bs y 
; oo} = A s 
AM | Lae 
— 160 oo 4 
fm 
Fig. 13a 
Towing ahead 


P5i/, Pitch=2070mm 





—__— N 


-——--P 











Shott HP.N 


























Pull, Pin tons 




































Towing aheod 
P51; Pitch=1656mm 
wie 
ene | eo 
----P ig 
Fa) 
7 7 a 
{ / 
, v4 
4 4 
4 ¢ 
| SSE A 
aoe : | 8 ys = 
= , 5 
& 
a , a 
= Ps fy ii > 
} 1000 Y (oe é 
“4 
4 o4 
v7 
4 rd é 
$00 1 A $s 
j 
| 3| 
a neat [7] 
= i) 777) 180 
“sm 
Fig. 13b 
Towing oheod 
PS 
/ 


Cross curves of 154 r/m wo 2s 
from Fig. 13a, 3b,ond [3c / 











N f 
~s-=P / 
2000 * /4 #0 
Pw /8s0) 4 f 
Ha1600) | nM 


PelS.ss 7 ny / 
21819 J Be me f 














Sheft HP, N 









































425 


propeller pitch was then set to the values 1242, 1656, and 2070 
mm. 

In Fig. 14 and 15 the final results with the propellers P49—-P52 
are shown when travelling free of tow ahead and astern. The 
same results can also be seen from Table 3. From Fig. 16 and 17 
and also from Table 4 can be seen the results when towing with 
the same propellers. The calculations have been made for 1200 
SHP at 154 Rpm. as well as for 800 SHP at 140 Rpm. 
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Jable 3. Ship Running Free, Propellers with Adjustable Blades. 




















1200 SHP, 154 r/m | 800 SHP, 140 r/m 
| 
Direction {Propeller P49 | P50 | P51 | P52 | P49 | P50 | P51 | P52 
D mm| 3 600} 3 600} 3 600} 3 600] 3 600} 3 600} 3 600| 3 600 
\Hy mm| 2 484) 1656} 828} 0/2 484) 1 656} 828] 0 
iia mas knots| 12.91] 12.86] 12.83| 12.75| 12.31] 12.21) 12.15) 12.10 
V4 mm| 2 484) 2 550] 2 555] 2 490| 2 445] 2 500] 2 484| 2 465 
dein ee knots| 10.48] 10.79] 11.12| 11.41] 9.20] 9.56]. 9.82) 10.25 
\—H mm] 2 060) 2 285] 2 475| 2 670] 1 930| 2 180) 2 350} 2 560 





























The results when going ahead have been plotted in Fig. 18 with 
the speed of the ship as abscissa. 

From the results when travelling free ahead it can be seen that 
the initial pitch has a comparatively small influence on Ves. This 


Table 4. Towing at Different Speeds, Propellers with Adjustable 
Blades. 











Direction 


Speed in knots 


1200 SHP, 154 r/m 


800 SHP, 140 r/m 





P49 | P50 
3 60G) 3 600 
Pp 


P51 
3 600 
828 


P52 
3 600 
0 


P49 
3 600 
2 484 


P50 
3 600 
1 656 


P51 
3 600) 
828 


P52" 
3 600 
0 





Ahead 


1 


11.75 
2 070 


11.95 
2010 


11.70 
2 058 


11.20 
2 020 


7.95 
1940 


7.90 
2015 


7.80 
1 995 


7.60 
1 965 





Ahead 


16.20 
1 750 


16.10 
1810 


15.55 
1819 


15.05 
1780 





11.70) 
1 632 


11.55 
1 700 


11.30 
1 730) 


10.85 
1 675 





Ahead 


19.35 
1 600 


19.20 
1 645 


18.50 
1 650 


17.70 
1 590 


14.55 
1475 








a 


14.00 
1 540 


13.25 
1 480 





Astern 











8.60 
1 515 


7.30 
1 375 











9.35 
1 650 





10.20 
1 800 





5.20 
1 265 





6.20 
14 


6.70 
1 580 





7.30 
1 690 
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might partly depend on the SHP 1200 and also 800 having to be 
considered as unnecessarily great for traveling free only. In tugs 
and ice-breakers the engine power is mostly determined by the 
conditions when towing and ice-breaking. As the situation now is, 
in this case; ‘the speed of the ship will be located beyond the 
critical range of the resistance curve (see Fig. 4). 

The comparatively good results with the propeller with plane 
blades must be considered as especially remarkable. 

When travelling free astern the difference between the various 
propellers is more marked. The propeller with plane blades (P52) 
shows distinctly the best result. This could also be anticipated in 
advance. Still better results would, of course, have been obtained 
if, instead, the blades had been made with symmetrical sections. 

Fig. 19 shows the distribution of the pitch in a radial direction 
for the different propellers when travelling free ahead as well as 
astern (1200 SHP at 154 Rpm.) and also when setting the adjust- 
able pitch to zero. 

From the results when towing ahead it can be seen that the 
highest values of pull are obtained with P49. The difference 
between P50 and P49 is, however, very slight. Nor is the differ- 
ence between P52 and P49 considerable. In this circumstance 
there lies a certain possibility of standardizing the blades of 
adjustable propellers. When towing astern the sequence of the 
different propellers is, on the other hand, reversed at the same 
time as the difference is more pronounced. 

As a more general conclusion from the tests it can be said that 
at a determined value of the diameter, the initial pitch should be 
chosen 10 to 20% lower than that suitable when travelling free 
ahead. If great importance is attached to the performance when 
going astern, the reduction should be made still greater. As can be 
seen from the investigation, this can be done without affecting 
considerably the properties when travelling ahead. 


CONSTANT verses VaRYING INITIAL Pitcu. 


The difference between propellers P49 and P55 has been pre- 
viously stated. In Table 5 a comparison is shown between the 
results obtained with the two propellers. Even if consideration is 
taken of the inherant uncertainty of graphic calculations it can, 
however, be ascertained that, when travelling free, P55 shows a 
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Table 5. Propeller P49 (constant initial pitch) compared with 
Propeller P55 (initial pitch reduced towards the boss). 






























































es 1 200 SHP, 154 r/m 
ls 
Direction! .£ |Propeller P49 P55 
| i \D mm| 34600 3 600 
| & |e mm| 2 484 2 484 
Ship running free 
Ahead | V max knots 12.91 13.04 
H mm 2 484 2 610 
Astern | @ Vmax knots 10.48 10.54 
| mm 2 060 2 020 
Towing 
Ahead a. oe tons 11.95 12") 
H mm 2010 2 020") 
Ahead 3.5 |P tons 16.20 16.10 
H mm 1 750 1 820 
Ahead 0 |P tons 19.35 19.0 
| mm 1 600 1 680 
Astern -0O |—P tons 7.30 7.30) 
|—H ram, 1 375 1 320) 
1) Dubious. 


certain, even though very slight, superiority, when compared with 
P49. When towing, on the other hand, there is a tendency towards 
the reverse. 


INFLUENCE OF REVOLUTIONS. 


In order to study to some extent the question of the influence oi 
revolutions on the properties of the propeller, P82 was, as already 
mentioned, designed under the assumption of 1200 SHP at 231 
Rpm. Further, the investigation was extended for P50: to com- 
prise also this range of propeller Rpm. in spite of the diameter of 
P50 being too large for these revolutions. 

In Table 6 the results are shown for free of tow and towing 
with P82 and P50 under this assumption. At the same time from 
Tables 3 and 4 are given the results with P50, P49 and P52 under 
the assumption of 1200 SHP at 154 Rpm. P50 has been included 
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Table 6. Influence of Revolutions. 










































































E 1200SHP, 231 r/m| 1 200 SHP, 154 r/m 
Direction| .& |Propeller P82 P50 P50 p49 P52 
i D mm; 3120 3 600 3 600 3 600 3 600 
pS H, mm 1 440 1 656 1 656 2 484 0 

Ship running free 
Ahead Vmax knots} 12.92 11.67 12.86 12,91 12.75 
H mm} 1610 1 160 2 550 2 484 2 490 
Astern —Vmax knots} 10.48 —_ 10.79 10.48 11.41 
—H mm) 1 475 —_— 2 285 2 060 2 670 
Towing 
Ahead 7 |P tons} 10.15 5.60 | 11.75 11.95 | 11.20 
H mm) 1 274 820 2 070 2010 2 020 
Ahead 3.5 P tons} 14.0 9.30 16.10 16.20 15.05 
| H mm) I 166 635 1810 1 750 1 780 
| 
} Ahead 0 P tons} 16.75 12.0 19.20 19.35 17.70 
H mm) 1 084 555 1 645 1.600 1 590 
ts eeeietl ear? tons} 6.30 3.10')| 8.60 7.30 | 10.20 
| —H mm) 1 035 600"); 1515 1375 1 800 
‘nbious 


for comparison with P50 at 231 Rpm. P49 represents the best 
results when free of tow and towing ahead, whereas P52 repre- 
sents the best result when going astern. 

As can be seen in a comparison between P82 (231 Rpm.) and 
P49 (154 Rpm.) the results when free of tow (ahead as well as 
astern) are almost identical. These results must be considered as 
unexpected. According to the investigation in appendix 1 the 
probable efficiency (in open water) for P82 (231 Rpm.) might be 
expected to be considerably lower than that of P49 (154 Rpm.). 
The reason might be partly that the speeds fall beyond the critical 
range of the ship’s resistance curve. When towing (ahead as well 
as astern) P49 is, on the other hand, clearly superior to P82, i. ¢. 
the performance when towing is considerably greater at the lower 
Rpm. 

In a comparison between P82 and P50, both at 231 Rpm. it is 
clear that the results with P50 are extremely bad. When travelling 
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free this is due to the diameter of P50 being too large. This 
applies however, also when towing. As can be seen from the 
investigation in appendix 2 the performance, when towing at the 
values of pitches which are used for P50, is very poor. A com- 
parison between P50 (231 Rpm.) and P50 (154 Rpm.) is of 
interest in this connection. 

Although the investigation is incomplete it proves the im- 
portance of keeping the revolution relatively low in order to 
obtain good towing properties. This result might also have been 
expected from the very beginning. 


Frxep BLADES verses ADJUSTABLE BLADES. 


The advantage of propellers with adjustable blades as compared 
with propellers with fixed blades is most pronounced in such cases 
where the propeller has to work under very varying load condi- 
tions as for tugs and ice-breakers. The reason is, of course, that 
with adjustable blades the entire SHP can be utilized in any 
situation, which is not the case with fixed blades. If the propeller 
with fixed blades is designed for free of tow it will be “too large” 
when towing. If, on the other hand, the propeller is designed for 
towing it becomes “too easy” when travelling free. 

To make this matter clear in the present case the propellers P49 
and P50 with fixed initial pitch are used as objects of experiment. 
The initial pitch for P49 was calculated for travelling free, where- 
as the initial pitch for P50, in the main, was suited for heavy tow- 
ing (at zero speed). The initial pitch of these propellers thus 
represented the extreme cases. In practical cases a compromise 
between these extreme cases is often chosen. As an example of 
such a compromise P49 is used with the pitch set at the value 
2070 mm. (In this investigation no consideration was taken of 
the. shape of the boss not being that which is generally used with 
fixed blades. ) 

Ahead—Fig. 20 shows results with P49 with fixed (initial) 
pitch and from Fig. 21 the results can be seen with P50 with fixed 
(initial) pitch. In Fig. 22 is shown the case of compromise with 
P49 with the pitch set at 2070 mm. In all cases it is assumed that 
the data of the engine are 1200 SHP at 154 Rpm. In Fig. 21 
and 22 it is, as can be seen, assumed that the revolutions are 
limited by a governor. If this is not the case and a higher speed 
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Table 7. Ship Running Free, Ahead and Astern, Adjustable Blades 
versus Fixed Blades.. 



























































1 200 SHP, 154 r/m | 800 SHP, 140 r/m 
Direction |Propeller P49 P50 P49 P50 
D mm; 3600 3 600 3 600 3 600 
A, mm) 2484 1 656 2 484 1 656 
Adjustable blades 
Ahead Vinax knots} 12.91 12.86 12.31 12.21 
mmj| 2 484 2 550 2 445 2 500 
Sitenes — Vmax knots} 10.48 10.79 9.20 9.56 
—H . mm| 2060 2 285 1 930 2 180 
Fixed blades (Pitch = H,) 
Vmax knots} 12.91 9.45") 12.29 8.7") 
Ahead N SHP| 1200 500") 790 375") 
n r/m 154 154 138.5 140 
Astern — Vmax knots} 10.95 7.40 10.05 6.8 
by N SHP 845 400 620 305 
reversing |—n r/m 154 154 140 140 
') Dubious; 


is permissible (as when steam reciprocating engines are con- 
cerned) the situation is, of course, somewhat improved. In 
Tables 7 and 8 the same results are shown (but not those from 
Fig. 22), also the results from similar graphical calculations made 
under the assumption 800 SHP at 140 Rpm. At the same time, 
for comparison, the results with adjustable blades have been given 
from Tables 3 and 4. 

In Fig. 23 and 24 the results obtained have been plotted with 
the ship speed as abscissa. 

Astern—lIn the case of propellers with adjustable blades, astern 
running is effected, with unaltered direction of rotation of the 
shaft, by turning the blades into the astern position. The fact that 
the direction of rotation does not have to be reversed might in- 
volve a simplification and thus lower the price of the engine. 
With fixed blades, astern running must, of course, be brought 
about by reversing the direction of rotation of the propeller shaft. 
Of course, with adjustable blades astern running can also be 
obtained by reversing, in which case the same setting of the 
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Table 8. Towing Ahead and Astern, Adjustable Blades versus Fixed 






























































Blades. 
Z 1200 SHP, 154 r/m| 800 SHP, 140 r/m 
Direction & |Propeller P49 P50 P49 P50 
HY D mm| 3 600 3 600 3 600 3 600 
D H, mm} 2484 1 656 2 484 1 656 
Adjustable blades 
Ahead 7 |P tons| 11.95 11.75 7.95 7.90 
H mm} 2010 2 070 1 940 2015 
Pee 3.5 Fr tons| 16.20 16.10 11.70 11.55 
H mm; 1 750 1810 1 632 1 700 
Ahead 0 P tons} 19.35 19.20 14.55 14.30 
H smm/| 1 600 1 645 1 475 1 520 
‘ies 0 —P tons} 7.30 8.60 5.20 6.20 
—H mm} 1375 1 515 1 265 1 420 
Fixed blades (Pitch = H,) 
P tons} 10.50 6.70 7.05 4.40 
Ahead 7 N SHP| 1010 740 660 515 
n r/m 129 154 116 140 
P tons} 12.90 14.00 9.00 11.10 
Ahead 3.5 |N SHP 890 1 025 560 760 
n r/m 113 154 98.5 140 
P tons} 14.50 19.01 10.45 13.80 
Ahead 0 |N SHP 805 1 190 500 750 
n r/m 103 153 87.5 131 
Astern —P tons 9.50 8.90 7.35 7.40 
by 0 IN SHP 880 920 550 695 
reversing —n r/m 113 154 97 140 
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blades as when cruising ahead is maintained. Then the setting of 
the blades can be adjusted so that full SHP is utilized in any 
situation, This is generally not the case with fixed blades, when 
the pitch is designed either for travelling free or for towing. The 
best performance astern may generally be obtained with adjust- 
able blades and reversing. (This question has not been inves- 
tigated in this case, but the author’s opinion in this respect has 
been confirmed by other investigations which he has made. ) The weak 
point in propellers with adjustable blades is, no doubt, the reduced 
performance when going astern (with unaltered direction of rota- 
tion). The reason is the unsuitable distribution of the pitch in the 
radial direction (see Fig. 19). The possibility of utilizing the full 
SHP will, however, make conditions acceptable when compared 
with astern running by means of reversing with fixed blades. In 
this connection attention should be drawn to the good results 
obtained in astern running with P52 (plane blades; see Tables 
3 and 4). 

Fig. 25 shows the results when going astern by means of revers- 
ing with P49 and Fig. 26 shows those with P50, in both cases 
with the pitch set at the initial pitch and under the assumption 
1200 SHP at— 154 Rpm. Tables 7 and 8 show the same results, also 
the results of similar graphical calculations made under the 
assumption 800 SHP at—140 Rpm. At the same time, for a 
comparison, the results with adjustable blades have been given 
from Tables 3 and 4. 
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APPENDIX 1. 


CALCULATION OF THE PROPELLER DIMENSIONS WHEN FREE oF Tow, 

To get a survey of the principal propeller data which might be used if 
the propeller is designed for free running only, calculations were made 
using the propeller diagram B. 3.501) published by Troost. The calcula- 
tions were based on the following assumptions: 

1200 SHP 

154 Rpm. and 231 Rpm. respectively 

Speed of advance in both cases = 8.5 knots, corresponding to a supposed 
wake fraction w (TAytor) of about 0.35 (Vg ~ 13 knots) 

The calculations were made for the following values of the pitch ratio: 
0.6, 0.7, 0.8, 0.9, and 1.0. The results of the calculations can be seen from 
Fig. 27. The maximum efficiency for 154 Rpm. is located at a pitch ratio 


; : —54rfn 
Ship running tree, Speed of advance=&s knots;/200SHP\---23ir/m 
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Fig. 27 


of about 0.65 and amounts to about 61% (in open water). The dimensions 
chosen for P49 have been drawn in the figure and are in quite good con- 
formity with the calculated curves. For 231 Rpm. the maximum efficiency 
seems to be located at H/D about 0.57. For P82 was chosen D = 3.12 m 
and Ho = 1.44 m, i. e. Ho/D ~ 0.46. From reasons already indicated the 
diameter was chosen somewhat too large. From Table 6 it can be seen 
that when travelling free ahead the pitch must be adjusted to the value 
1.61 m, i. e. H/D about 0.52. According to Fig. 27 the probable value of 
the efficiency then will be about 56%. There is every possibility that the 
results when free of tow would have been better with P49 (154 Rpm.) 
than with P82 (231 Rpm). As already stated this, however, did not 
prove to be the case. 


APPENDIX 2. 


CALCULATION OF PRropELLER DimENsions For “Heavy” TowInc. 

It might be of interest for the present investigation to form an idea of 
the propeller dimensions, which would be used if the propeller were 
designed only to give the’ greatest pull for heavy towing (at zero speed). 
To make such an investigation the results known by the author, which 


1 Trans. N. E. Coast Inst. of Eng. & Shipb., Vol. LVI, p. 91. See also: W. P. A. 
van LAMMEREN, Weerstand en Voortstuwing van Schepen, Amsterdam, 1942, p. 197. 
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have been published so far, with propeller tests in open water with 
systematic propeller series, are not sufficient, as these do not comprise 
pitch ratio values lower than 0.6. The author has, however, investigated a 
propeller series, which also comprises pitch ratio values 0.2 and 0.4. The 
details of this series can be seen from Fig. 28. The results of the tests 
in open water with this series have not yet been published. Although the 
series comprises four-bladed propellers, the results with same will give 
some hints also in this case. As a representative of the pull the thrust will 
then be used. The value of the thrust is generally likely to be about 5 to 
10% greater than the pull which can be obtained. 


Speed =O [Towing at zero speed) 
Propeller series in Fig.28 
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Towing of zero speed 
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Cakulated from Fig.29 
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Fig. 30 


Fig. 29 indicates the values of thrust coefficient Cr = T/g D4 n2 and the 
torque coefficient Cg = Q/g D5 n2 which when at rest have been obtained 
with this series. It should be stated that the curve for Cr will, practically 
speaking, go in towards the origin whereas Cg for H/D = 0 has a positive 
value (compare Fig. 9). A value of the thrust, which can be obtained with 
a given diameter and a given moment, can be obtained by forming Cr/Cq 
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( _ 7D ). The curve for Cr/€q has also been plotted in the figure. As 


can be seen the ‘highest value of T (and thus also of the pull P) can be 
expected at pitch ratio values of about 0.3 to 0.4. At lower pitch ratio 
values T drops enormously. Another value of the thrust can be obtained 
by forming Cx/C9%8 (= T/g%2n9.490.8), In Cr/Co®-8 n comes in instead 
of D. The curve for Cr/C9®-8 has also been plotted in Fig. 29. It is, as a 
whole, of the same character as the curve for Cr/Cg. With given values 
for Q and n it is evident that the highest values of T can be expected 
for pitch ratio values of about 0.3 to 0.4. 

Using Cr and Cg from Fig. 29 D, H, and T have been calculated for 
H/D=0.2, 04, 0.6, 0.8, 1.0, and 1.2 under the assumption 1200 SHP at 
154 Rpm. and 231 Rpm. respectively. @ was, assumed = 103 kg sec?/m4, 
corresponding to gg=1.015 tons/m’. The results have been brought 
together in Fig. 30. As can be seen, at 154 Rpm. the maximum thrust at 
rest should be obtained with a propeller of about 3.9 m diameter. At 231 
Rpm. the diameter (3.12 m) chosen for propeller P82 seems, as a whole, 
to be the most suitable for heavy towing. 

When considering that Fig. 30 refers Pe four-bladed propellers and that 
T is not identical with P the conformity with the results obtained in the 
model tests’ must be considered as good. 

According to Table 6 for P50 (154 Rpm.), for instance, the pull P = 
19.20 tons was obtained, when the value of H/D was 1645/3600 ~ 0.46. 
Ho for P50 was 1656 mm. According to Fig. 30 D=3.6 m for H/D = 
0.46 is obtained. The corresponding T can be read off as being 19.9 tons. 

For P82 (231 Rpm.) the pull P = 16,75 tons was obtained at H/D= 
1084/3120 = 0.35. According to Fig. 30 T=17.2 tons is obtained for 
H/D =0.35. It should, however, be observed that the pitch 1084 mm 
differs considerably from the initial pitch for P82, which was 1440 mm. 

The markedly low value of P for P50 at 231 Rpm. is also explained 
by Fig. 30. For H/D = 555/3600 = 0.15 T ~ 13 tons can be read off in 
Fig. 30. According to Table 6 the value of P was = 12 tons. 
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STABILITY OF SHIPS AFTER EXTENSIVE FLOODING. 


By CuHArLEs L. Wricut, Jr.* 


INTRODUCTION. 


Marco Polo, in an account of his travels through the East 
during the latter part of the eleventh century, described the 
merchant vessels of that time and noted: 


“Some ships of the larger class have as many as thirteen 
bulkheads or divisions in the holld---. The object of these 
is to guard against accidents which may occasion the vessel 
to spring a leak, such as striking on a rock or receiving a stroke 
from a whale -- —. The water, running in at the place 
where the injury has been sustained, - — — cannot pass from 
one division to another.”’ 


Apparently this protection of ships against sinking due to under- 
water damage was a matter of greater concern to the medieval 
seafaring people of the East than it is to some builders and 
operators of today. Many vessels now in service could not 
survive such damage and many more could not survive if the 
damage involved one of the few subdivision bulkheads with 
which they are provided. 

A textbook on ‘‘Hydraulics and Mechanics’, published more 
than a hundred years ago, contained a discussion on the reluc- 
tance of American and European nations to adopt a system of 
subdividing the holds of their ships similar to the system described 
by Marco Polo. This discussion included the following para- 
graph which pretty well expresses the present situation: 


‘* _ _ — beside the opposition of popular prejudice and the 
increased expense, an objection might arise from the reduction 
it would occasion in the quantity of freight, and the increased 
difficulty of stowing bulky articles. It remains to be con- 
sidered how far these objections ought to prevail against the 
greater security of the vessel, crew and cargo. At any rate, 
such objections do not apply to ships of war, in which to carry 
very heavy burdens, is not an object of consideration.” 


* Naval Architect, Bureau of Ships, U.S. Navy Department. 
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The first legal requirements for watertight bulkheads in mer- 
chant vessels were put into effect by the British Marine Shipping 
Act of 1854, and since that time an increasing amount of sub- 
division has been required by classification society regulations 
and international law. The subdivision of merchant vessels is 
now largely determined by the “Convention, with Regulations,” 
prepared at the international Conferences on Safety of Life at 
Sea, 1929. 

It may appear that if any more bulkheads were installed in a 
ship than the minimum required by the Convention, the ship 
would be seriously handicapped in competition for international 
trade. However, the U. S. Maritime Commission has designed 
and built many ships which clearly demonstrate that improve- 
ments, not only in subdivision but also in stability after flooding, 
are practicable and can be economically attained. In any event, 
it is axiomatic that whatever bulkheads are installed should be so 
arranged as to provide the greatest ability to survive underwater 
damage for the least encumbrance upon the usefulness and 
operation of the vessel. 

In time of war, most merchant vessels are pressed into military 
service and hence are subjected to a much greater danger of 
underwater damage than in normal peacetime operation. If 
subdivision studies are made during the design of a vessel, an 
arrangement can be developed such that the bulkheads installed 
during construction will provide the desired ability to survive 
the normal hazards of the sea, and additional bulkheads con- 
templated to be installed in time of emergency will improve the 
ability to survive to that considered satisfactory for naval 
auxiliaries. : 

As to what ability to survive is satisfactory for naval auxiliaries 
or for combatant vessels, and as to what inconvenience in loading 
and operating should be accepted are matters of judgment largely 
beyond the scope of this atricle. Prior to the outbreak of World 
War II, troop transports were considered satisfactory if they met 
the two compartment standard of subdivision required of large 
passenger vessels. It was in connection with the conversion of 
passenger vessels to troop transports that the inadequacy of the 
two compartment standard was fully realized. No very exten- 
sive damage was necessary to open more than two compartments, 
especially if short compartments were accepted. 

In connection with the conversion of merchant vessels and the 
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improvement of combatant ships during World War II, the sub- 
division and stability of over a hundred classes of vessels were 
studied in detail. The methods previously in use for calculating 
and presenting the information necessary to determine the 
ability of vessels to survive damage were soon found to be far 
from adequate. New methods were developed and a series of 
model tests was conducted to check the applicability of the new 
methods to each special type of problem. The principles of these 
methods, together with an explanation of their advantages over 
previous methods, and their need, are presented herein for con- 
sideration in the design of all vessels, both merchant and military. 

Certain steps that still follow previously accepted procedures 
are not described in detail but are covered by references to 
standard text books. 


ANALYSIS OF ABILITY TO SURVIVE. 


The extent of underwater damage a vessel can survive depends 
upon: 
(a) The arrangement of subdivision bulkheads with respect to 
the floodable length of the vessel. 


(b). The residual stability of the intact portions of the vessel 
after the flooding caused by the damage. 


The steps involved in the complete study of any design include: 


(a) Preparation of a subdivision plan upon which the arrange- 
ment of all watertight compartmentation is developed, and 
corresponding floodable length curves are shown. 


(b) Careful study of this plan to determine the extent of 
damage the vessel can sustain before the resulting flooding 
exceeds the floodable length. 


(c) Further study to determine whether this extent of damage 
can be increased by adding or relocating subdivision bulk- 
heads or by establishing a maximum allowable operating 
draft without seriously limiting the usefulness of the ship. 


(d) Calculation of residual righting arms after each potentially 
critical case of flooding that could result from the extent of 
damage determined, and based on several arbitrary con- 


ditions of loading spanning the operating range of the 
vessel. 
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(e) Calculation of heeling arms that could result from unsym- 
metrical flooding of damaged compartments and empty 
tanks. 

(f) Preparation of stability curves, plotted from the results of 
the above calculations with curves of heeling arms super- 
imposed on curves of righting arms, showing the initial list 
and residual stability after each case of flooding for each 
arbitrary condition of loading. 

(g) Determination of actual conditions of loading and inter- 
polation of the stability curves for the arbitrary conditions 
of loading to give similar stability curves for the actual 
conditions. 

(hk) Careful study of the most critical of these curves to deter- 
mine any improvements that might be effected by changes 
in weight or weight distribution including solid ballast. 


(4) Preparation of a procedure for the proper loading of the 
vessel and for the employment of liquids and liquid ballast 
to provide as much stability as possible in case of damage, 
and to reduce the heeling moment that might occur due to 
unsymmetrical flooding. 


STABILITY BASED ON SUBDIVISION. 


The subdivision plan shown on Plate I was prepared for the 
studies of a class of troop transports converted from cargo vessels. 
Main transverse bulkheads shown by heavy solid lines were in- 
cluded in the original design. Bulkheads shown by heavy dotted 
lines were added as a result of these studies. Inner bottom plat- 
ing, wing tanks, deep tanks, and all other watertight subdivisions 
that could form intact spaces in flooded compartments are 
indicated in plan and profile. Plan views at more than one level 
are sometimes needed, but usually one plan view through the hold 
is sufficient. The use of each compartment is shown to aid in 
estimating the permeability (or per cent of volume floodable). 
Floodable length curves are plotted over the profile to indicate 
the groups of adjacent compartments that can be flooded without 
submerging the “margin line.” 

The residual stability of the portions of the hull remaining 
intact after the flooding of any group of compartments, is an 
even more important consideration than the fact that the com- 
partments can be flooded without submerging the ‘‘margin line.’’ 
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A vessel with insufficient stability may not remain upright 
nearly as long as a vessel with insufficient floodable length will 
stay afloat. Ships have been reported to capsize and sink in 
less than ten minutes after damage with accompanying large loss 
of life. On the other hand, the U.S.S. Susan B. Anthony, a 
troop transport, formerly the passenger vessel Sania Clara, while 
participating in the invasion of the Normandy Coast, June 7, 
1944, received damage that resulted in flooding considerably 
more than her floodable length; yet this vessel had sufficient 
stability to remain upright, and consequently stayed afloat for 
two hours and fifteen minutes while all on board were rescued. 

A vessel which does not actually capsize but which develops a 
large angle of heel due to negative initial stability or excessive 
unsymmetrical flooding, is little better than lost as the execution 
of salvage and abandon ship operations is rendered practically 
impossible. On November 12, 1942, the U.S.S. Tasker H. Bliss, 
a troop transport, formerly the passenger vessel President Cleve- 
land, was torpedoed while unloading at a port of debarkation on 
the African Coast. The vessel heeled to an angle of 30° due to 
insufficient stability after damage, and although she remained 
afloat for nearly nine hours, salvage operations were of no avail. 

In order to assure sufficient stability in case of damage, it is 
often necessary to provide more stability for the intact ship than 
would otherwise be desired. Consideration should be given to 
the danger of a short period of roll synchronizing with the period 
of the waves. Ability to survive damage warrants a sacrifice in 
comfort, but it does not warrant any risk to the intact vessel. 
Since results must indicate excessive as well as insufficient sta- 
bility, no greater margin for error-should be allowed in one 
direction than in the other. Assumptions should be based on 
average conditions and calculations should be as accurate as the 
assumptions warrant. 

Stability after extensive flooding is the same in principle as 
stability before damage. The buoyant volume becomes the 
volume displaced by the intact portions of the vessel and the 
impermeable material that remains within the flooded compart- 
ments. The accuracy with which the amount and arrangement 
of the impermeable material in the flooded compartments can be 
estimated is an important factor in the accuracy of the final 
results. If the same values are consistently assigned to similar 
spaces in different studies, results will be at least comparative. 
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Flooding usually causes a change in trim and a change in the 
angle of inclination as well as causing sinkage to a deeper water- 
line. Trim causes additional flooding. A change in the angle 
of inclination may cause an additional change in trim. Trim, 
heel, sinkage, and flooding all affect each other, and each affects 
the stability after damage. 

The significance of each of these variables should be carefully 
considered before the involved calculations necessary to deter- 
mine the effect of the variable are undertaken. Any variable 
that is less significant than the inevitable inaccuracies in esti- 
mating permeabilities may be neglected. Other variables should 
be considered with respect to their significance as compared to the 
time required to calculate their effect. In the studies made 
during World War II, it was considered more important to obtain 
a fair indication of the stability of as many ships as possible, than 
to take time for better accuracy with the consequent reduction 
in the number of ships that could be studied. 

Accordingly, trim was considered to be a factor that could be 
neglected in all studies. This course of action was consistent 
with practically all studies ever made of stability before damage, 
as few cross curves of stability have been based on trimmed 
waterlines. 

Most critical cases of flooding are those in which the compart- 
ments damaged are located near midships, and little trim results 
from flooding in this vicinity. A comparison of model tests 
based on parallel sinkage with those based on normal trim shows 
that the effect of trim is in no case appreciable, as will be de- 
scribed. 


PRESENTATION OF STABILITY DATA. 


Stability is the tendency of a vessel, when inclined to an angle, 
to return to its initial upright position. The best mathematical 
representation of this tendency is the righting moment of the 
vessel. A righting moment is not an easy value to visualize, but 
when divided by the displacement of the vessel, it becomes a 
righting arm and can then be conceived as a linear dimension. 

Righting arm values (GZ) for angles of inclination (@) ap- 
proaching zero, can be expressed as a function of the initial 
transverse metacentric height (GM). 


GZ = GM sin 9 
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Prior to World War II metacentric heights rather than righting 
arms were used almost universally as the means of expressing 
stability after flooding. This was probably due to the fact that 
the relation of the position of the metacenter to the moment of 
inertia of the waterplane makes it much simpler to determine 
metacentric heights than to calculate righting arms. 

Metacentric heights do serve as an indication of the period of 
roll of the vessel and they show whether the vessel will take an 
initial list due to negative stability, but they give no indication 
whatsoever of stability at any appreciable angle of inclination. 

The unsymmetrical flooding that may occur after extensive 
damage often results in an appreciable heeling moment. When 
righting arms rather than metacentric heights are used, this heel- 
ing moment can be expressed as a heeling arm and compared 
directly with the righting arm to determine the angle of heel and 
the residual stability. 

The metacentric heights may be calculated in addition to the 
righting arms, so that ‘‘GM tangent lines” can be drawn.* The 
righting arm curves (or curves of statical stability) can then be 
faired into the tangent lines at 0°. This procedure aids in deter- 
mining the shape of the righting arm curves at small angles of 
inclination where righting arm values cannot be as accurately 
calculated. 

The many different studies made during World War II indicate 
both before and after damage that some vessels with large meta- 
centric heights have such small righting arms at any appreciable 
angle of inclination that they would be quite apt to capsize with- 
out warning, whereas other vessels with negative metacentric 
heights have such good righting arms beyond the angle of initial 
list that there would be no danger of capsizing at all. These 
studies also indicate that for some vessels at light drafts the loss 
in metacentric height due to flooding is large, while the loss in 
righting arms is not particularly appreciable; on the other hand, 
at deep drafts the change in metacentric height is a gain rather 
than a loss, while the loss in righting arms at large angles of incli- 
nation is very pronounced. It is becoming quite generally 
agreed that righting arm values are essential in presenting a 
complete indication of the stability characteristics of a vessel. 

For any specific case of damage in any specific condition of 


*Rossell, Henry E. and Chapman, Lawrence B. ‘Principles of Naval Aaahinntteres Volume 
I, Page 120, the Society of Naval Architects and Marine Engineers, 1939. 
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loading, the stability before and after flooding can be clearly 
represented by a plot such as that illustrated in Figure 1. The 
following pertinent information should be noted: 

(a) Condition of loading: draft (do), displacement (Ao), and 
height (KG) of the center of gravity above the base before 
damage. 

(b) Extent of the damage. 

(c) Arrangement of impermeable material as assumed. 


The metacentric height before damage (GM o) and after damage 
(GM,) are plotted at 57.3° (1 radian), and the “GM tangent 
lines’ aredrawn. Righting arms before damage (GZ») and after 
damage (GZ,) are plotted, and curves of statical stability are 
drawn. Heeling arms (Oz) due to unsymmetrical flooding are 
plotted and the curve of heeling arms is drawn. 

The lost GM and the loss in righting arms due to flooding are 
then clearly evident. In the case of negative initial stability, the 
intersection of the righting arm curve with the base line indicates 
the initial list. In the case of unsymmetrical flooding, the inter- 
section of the residual righting arm curve with the heeling arm 
curve indicates the initial angle of heel. The difference between 
the residual righting arm curve and the heeling arm curve at any 
angle is the actual righting arm at that angle, and the area be- 
tween the two curves up to any angle is a measure of the dynamic 
stability. 

Although some positive righting arm or dynamic stability is 
necessary to prevent wind, waves, and other external forces from 
capsizing the vessel, or heeling the vessel to an angle that causes 
flooding through openings in the intact portion of the hull, it 
cannot be expected that a damaged ship will be able to survive 
heavy rolling. Righting arm curves after damage need seldom 
be carried beyond 50°. 


PROCEDURE FOR CALCULATIONS. 


Every ship presents individual problems in determining sta- 
bility characteristics. Each case of damage, each condition of 
loading, requires detailed analysis of all significant factors; and 
care must be taken that any unusual factor is not overlooked. 
It is not possible to prepare detailed instructions that would apply 
to all vessels. The procedure to be described is intended only 
as an example of the type of studies that should be made and the 
factors that should be considered. 
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CONDITION OF LOADING: 


de, Be, KG 
CARGO ~ AMOUNT, TYPE AND LOCATION 


LIQUIDS ~ LOADING OF TANKS 


CASE OF FLOODING: 
EXTENT OF DAMAGE 
DAMAGED TANKS 
INTACT SPACES 
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War experiences of the vessels which were studied in accordance 
with this procedure, and model tests, performed to check the 
accuracy of the procedure, show that a reliable indication of 
stability characteristics can be obtained, provided that the 
vessels are of moderate hull form and the impermeable material 
in flooded compartments can be reasonably well represented. 
For vessels of extreme hull form, or for cases of damage near the 
bow or stern, satisfactory accuracy may require that a model of 
the particular ship be constructed and that the stability charac- 
teristics be obtained by actual tests. Models for stability tests 
of several different types of combatant vessels are now being 
constructed by the Navy Department. 


Direct calculations for the stability characteristics of an un- 
damaged vessel can be prepared by any of several well established 
methods.* The righting arm values can be plotted as cross 
curves of stability from which the values corresponding to any 
condition of loading may be quickly determined. 


Calculation for stability characteristics after extensive flood- 

ing involve the following considerations: 

(a) The flooded portions of the damaged compartments no 
longer form a part of the buoyant volume of theship. This 
loss in buoyancy causes the vessel to sink to a deeper 
waterline. 

(b) Unless material is torn away by the damage, the weight 
(Ao) of the vessel and the height (KG) of the center of 
gravity above the keel remain the same as before the 
damage occurred. 

(c) The water displaced by the intact portions of the vessel at 
the deeper waterline is the same in weight as that displaced 
by the intact ship before damage, but the volume of dis- 
placement is different in shape hence causing the differ- 
ences between the stability characteristics before and after 
damage. 


A procedure could be employed similar to that for calculating the 
stability characteristics of an intact vessel, using stations taken 
through the intact portions of the vessel and the impermeable 
material within the flooded compartments. However, where 
calculations for the intact vessel have already been made, the 
work involved can be considerably. reduced by calculating the 





*Ibid pages 105-107, 117, 118. 
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loss of stability in the flooded compartments and deducting this 
loss from the stability of the intact vessel. The waterlines used 
for the calculations of the intact vessel must cover sufficient 
range so that values can be obtained for the deep waterlines to 
which the vessel may sink after flooding. This range may extend 
practically to the “bulkhead deck.”’ 

For any particular case of damage in any particular condition 
of loading, the final waterline after flooding (W}L,) is the water- 
line corresponding to a displacement (A;), equal to the sum of the 
weight of the ship (Ao), and the weight (6) of the flooding water. 

Where flooding is due to a ruptured pipe line or to a small open- 
ing in the hull, and is eventually brought under control, the 
weight (6) of the flooding water is easily determined. Where the 
damaged compartments are in free communication with the sea, 
the flooding continues to the level of the external waterline, 
which in turn changes with respect to the ship as the flooding 
progresses. When the vessel heels through any angle of inclina- 
tion the underwater portion of the hull changes form and the 
external waterline may again change with respect to the ship. 
Consequently, the determination of the weight (6;) of flooding 
water up to the final waterline (W;L;) is quite a problem. 

Several representative sections, such as the section shown in 
Figure 2, are taken through the flooded compartments. If the 
flooded compartments are near midships where there is usually 
little variation in transverse section, one section taken through 
each compartment may be sufficient. If there is appreciable 
variation in transverse section throughout any compartment, 
more sections may be necessary. Each section is subdivided into 
parts for which the distribution of impermeable material can be 
considered uniform throughout the length (1) represented by the 
section. Permeability (u) (or ratio of the volume floodable to 
the.total volume) is assigned to each part of each section. 

The section shown in Figure 2 represents a compartment, say 
50 feet in length, with wing tanks, port and starboard, and a 
double bottom tank below the hold. The wing tank on one 
side and the double bottom tank are assumed to remain intact 
after damage; the rest of the compartment is assumed open to 
the sea. 

The damaged wing tank, originally empty, floods 100% of its 
volume up to the final waterline, hence the permeability equals 
1.00. The hold, filled with uniformly distributed cargo occupy- 
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ing 40% of its volume, floods the remaining 60% of its volume 
up to the final waterline or to the upper boundary of the hold, 
which is the first platform, hence the permeability equals 0.60. 
Impermeable material unevenly distributed between the first 
platform and the second deck is represented by the two areas of 
permeability 0.40 and the remaining area of permeability 0.85. 
The space between the second and main decks, used for living 
quarters, has an evenly distributed permeability of 0.95. 


Three or more waterlines are superimposed on the section at 
each of several angles of inclination in the same manner as water- 
lines are superimposed on the body plan when preparing cross 
curves of stability for the intact vessel. These waterlines should 
be selected so as to span the possible range of the final water- 
line (W;L,). 

Areas and moments of each part of the section are determined 
by use of an integrator. Each part is integrated separately 
below each waterline at each angle of inclination. Moments are 
taken about some reference line such as C,C;, drawn through an 
assumed center of gravity (0) perpendicular to the waterline 
below which the integrations are being made. The reference line 
changes with the angle of inclination but always passes through 
(0). The assumed center of gravity should be taken the same 
distance above the base as the assumed center of gravity used in 
preparing the cross curves of stability for the undamaged vessel, 
so that the moments of the flooding water can be subtracted 
directly from the righting moments of the entire hull. In the 
upright position (angle of inclination equals zero) moments 
should be taken about the base line as well as about the reference 
line. These vertical moments (m,) can be used to simplify the 
usual calculations for metacentric height. If the flooding is 
symmetrical about the centerline, the moment about the refer- 
ence line in the upright position is zero, and integration of this 
moment is unnecessary. Integrator readings are multiplied by 
the following values to give the moments of flooding water: 


(a) An integrator factor. 
(6) Thelength of flooding represented by the section integrated. 
(c) The permeability of the part integrated. 


(d) A conversion factor, including the scale of the section and 
the density of the flooding water. 
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These weights and moments are tabulated as shown in Figure 3, 
columns 1 to 5, and added algebraically to give the results, 
column 6. (Since more than one section through the flooded 
compartments is usually necessary, the tabulations may be more 
extensive than the example shown). 

The displacement (A) of the total volume of the entire hull 
below each of several waterlines for each angle of inclination is 
obtained from the calculations for the cross curves of stability. 
The waterlines can be those used in the calculations for the cross 
curves and need not be those used on the sections through the 
flooded compartments. 

The displacement (A), also the total weight (6) and moment 
(m) as given in column 6 of the tabulation are each plotted 
against each corresponding waterline, and curves to be referred 
to as ‘interpolation curves” are drawn as shown in Figure 4. 
A separate sheet is used for the upright position and for each 
angle of inclination. 

Curves 1 and 2 represent the values of weight (6) and moment 
(m), respectively. Curve 3, plotted to a smaller scale, represents 
the values of displacement (A). Curve 4, plotted to the same 
scale as curve 3, represents the sum of the weight of the ship in 
the particular ‘condition of loading being investigated and the 
weight of flooding water (i.e., Ao + 6). It is actually curve 1 
replotted above a horizontal line representing the weight (Ao). 
Assuming parallel sinkage (no trim due to flooding) curve 3 then 
intersects curve 4 at the waterline (W;L;) where (As) = (Ag+ 4). 
The corresponding weight (4,) and moment (m,) are read from 
curves 1 and 2 respectively, at this waterline. 

The righting moment (M,;) of the total volume of displacement 
including the volume of the flooding water below the waterline 
(W;L,;) for each angle of inclination, is obtained from the cross 
curves of stability for the undamaged vessel by reading the 
righting arm value (OZ;) corresponding to the displacement (A;) 
and multiplying the arm by the displacement. 


Sometimes cross curves are based on an intact hull extending to a 
higher deck than that to which the subdivision bulkheads have 
been made watertight. As flooding can progress throughout the 
space above the bulkhead deck, none of this space can be con- 
sidered as part of the intact portion of the vessel after damage. 
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Be = WEIGHT OF THE SHIP IN THE SPECIFIC CONDITION OF LOADING 
BEING INVESTIGATED 
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The entire space must be included in the calculations for the 
weight and moment of the flooding water, or else the cross curves 
for the undamaged vessel must be revised to include only the 
intact hull up to the bulkhead deck. 

The residual righting moment (M,) of the volume of displace- 
ment not including the volume of the flooding water is obtained 
by deducting the moment (m,;) from the moment (M;). The 
residual righting arm (OZ,) is obtained by dividing the residual 
righting moment (M,) by the weight of the vessel(Ao). 


ee (OZ; X Ag) — my 
Ao 





Oz, 


This righting arm, based on the assumed center of gravity, a 
distance (KO) above the base line, is corrected for the actual 
center of gravity, a distance (KG) above the base line, in the 
usual way. 


GZ, = OZ, + (KO — KG) sin 6 
Where @ is the angle of inclination. 


The righting arm value (GZ,) for each angle of inclination can 
be plotted and a curve of statical stability after flooding can be 
drawn as shown in Figure 1. 


Direct calculations for the change in metacentric height due to 
flooding (usually a loss known as ‘‘lost GM’’) and for the residual 
metacentric height (GM,) after flooding, can be prepared by any 
of several well established methods.* Where interpolation curves 
have been prepared for determining righting arm values after 
flooding, these calculations can be greatly simplified. 


The draft (d;) after flooding at the final waterline (W;L;), also 
the corresponding weight (6;) and vertical moment (m,) of flood- 
ing water are obtained from the interpolation curves for the 
upright position. The height (KM;) of the transverse meta- 
center above the base for the total volume of displacement below 
the final-waterline (including the volume of the flooding water) is 
read at the draft (d;) after flooding from the curves of form 
prepared for the intact undamaged vessel. The height (KMo) 
of the transverse metacenter above the base for the vessel before 
damage, is read at the draft (do) before damage from the same 
curves of form. 


*Ibid pages 185-186. 








STABILITY OF SHIPS AFTER EXTENSIVE FLOODING. 459 


The loss in moment of inertia of the waterplane, designated as 
(i), is the transverse moment of inertia of the surface of the 
flooding water at the level of the final waterline (W;L;). Where 
this surface is symmetrical, the moment of inertia (i) is taken 
about its centerline. Where this surface is not symmetrical, the 
value (i) must include the transfer of the moment of inertia of 
the remaining waterplane (i.e., the waterplane through the 
portion of the ship remaining intact and through the impermeable 
material in the damaged compartments), from the centerline to 
its longitudinal neutral axis. 

The change in metacentric height is determined by the follow- 
ing equation, derived below. 


Ay (KM) = Ia. i 
Ao 





Lost GM = KM, — 


The metacentric height before damage is: 
GM> = KM, — KG 
The residual metacentric height after flooding is: 
GM, = GM, — lost GM 


This value (GM,) can be plotted at 57.3° with the curve of stati- 
cal stability after flooding and the tangent line can be drawn as 
shown in Figure 1. 


DERIVATION—EQUATION For “‘Lost GM”’ 


GM, = KM, — KG eae 

GM, = KM, — KG (2) 

KM, = KB, + B,M, (3) 

KM, = KB; + B;M (4) 
a 

B,M, a oe (5) 

BM, = Ht (6) 
A; 


Subtracting equation (2) from equation (1), 
Lost GM = GM, — GM, = KM, — KM, (7) 
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Combining the moments of buoyancy of the intact portion and 


the flooded portion of the damaged vessel, 
A; (KB;) = Ao (KB,) + m, 





transposing, 
KB,;) — m, 
KB, = A; (KB) m 
Ao 
transposing equation (6), 
I; = A; (B;M)) 
substituting equation (10) in equation (5), 
B;M;) — i 
BM, = A; (BrM;) 
Ao 


substituting equation (9) and (11) in equation (3), 
_ 4 (KBy) — my 4 A; (BeM;) — i 
oe Ao Ao 
A; (KB; + B;M;) — m, — i 
Ao 

substituting equation (4) in equation (13), 
A; (KM;) — my — i 

Ao 
substituting equation (14) in equation (7), 

3 A; (KM) = m, — i 

Ao 





KM, 





KM, = 





KM, = 





Lost GM = KM, — 


GENERAL STUDIES 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


In considering all of the different cases of flooding that might . 
result from the extent of damage a vessel could sustain without 
exceeding the floodable length, and all of the probable conditions 
of loading in which the vessel might operate, the many studies 
already made serve as an indication of certain cases and condi- 
tions that are sure to be less critical than others. In this respect 


everything else being equal, the following is generally true: 


(a) The flooding of wide compartments causes a greater loss 


in stability than the flooding of narrower ones. 
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(b) The flooding of a compartment with more impermeable 
material near the bottom than near the top, or near the cen- 
terline than near the shell, causes a greater loss in stability 
than the flooding of the same compartment when the im- 
permeable material is more uniformly distributed. 


(c) Flooding occurring in the lightest condition of loading in 
which a vessel operates, or in the full load condition 
(approaching the limiting drafts determined from a study 
of the subdivision plan), results in less stability after 
damage than flooding occurring in any intermediate 
condition. 


Stability characteristics for all cases and conditions not obviously 
less critical than others must be calculated. A separate study 
of each case and condition would involve a discouraging amount 
of work, but.this work can be greatly reduced by studying all 
cases together and applying many of the same calculations to 
several different cases; also by studying only a few arbitrary 
conditions of loading (spanning the operating range of the vessel) 
and interpolating the results for the actual conditions, In this 
way all studies can be made and completed before any actual 
conditions are determined. 

Drafts before damage for the arbitrary conditions of loading 
are selected, At least three drafts should be used. -Representa- 
tive sections through each compartment considered flooded in any 
case of damage are prepared. Waterlines, estimated to approxi- 
mate those on which the vessel may float after flooding from the 
drafts selected, are superimposed on each section at each of 
several angles of inclination. The procedure is then generally 
similar to that previously described. 


Each part of each section is integrated below each waterline. 
A separate tabulation of weights and moments of flooding water 
is prepared for each case of flooding. The permeabilities as- 
signed to some columns of the tabulations are different for. the 
different .waterlines consistent with the conditions. of loading 
before damage corresponding to the waterlines. 

' The weights (6) and moments (m) of flooding water, deter- 
mined and recorded in the last column of each tabulation, are 
plotted, and interpolation curves for each angle of inclination are 
prepared. Curves of the sums of the weight of the vessel and 
the weight of flooding water (Ay + 4) are prepared for the weight 
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(Ao) corresponding to each draft before damage. These curves 
intersect the respective curves of total displaced volume (A) at 
waterlines after flooding corresponding to each draft before 
damage. The total volumes of displacement (4;) and moments 
(ms) of flooding water up to these waterlines are then determined. 

Residual righting arms are calculated and plotted as curves of 
statical stability after flooding. ‘‘Lost GM”’ values and residual 
metacentric heights are calculated and tangent lines are drawn. 
For the purpose of general studies, two curves of residual right- 
ing arms are usually prepared for each draft before damage and 
each case of flooding. These curves are based on arbitrary 
centers of gravity, one foot apart, selected so that the stability 
characteristics indicated by one of these curves will be about the 
minimum acceptable, and those indicated by the other will be 
somewhat less than acceptable. Actual conditions for which the 
centers of gravity are either lower or higher than the arbitrary 
centers are then obviously satisfactory or unsatisfactory re- 
spectively. 

Righting arms before damage are determined and plotted with 
the corresponding curves of residual righting arms but only one 
curve, based on the lower of the two arbitrary centers, is drawn 
for each draft and case of flooding. The loss in stability is then 
clearly indicated by the difference between the curve of intact 
righting arms and the higher of the two curves of residual right- 
ing arms. 

A comparison of the curves for the different cases of flooding 
will show which case is most critical. It will sometimes be 
found that one case is most critical at light drafts or small angles 
of inclination and another case is most critical at deeper drafts 
or large angles of inclination. Only the curves for the most 
critical cases are of interest once they are determined. 

A comprehensive indication of the stability characteristics for 
any actual condition of loading can be readily obtained by in- 
spection of the curves for the arbitrary conditions, hut specific 
curves of statical stability are usually desired. Residual righting 
arms for the arbitrary conditions are plotted against the corres- 
ponding drafts before damage and cross curves after flooding are 
drawn. Values are then read back at the actual draft (do) and 
corrected for the actual height (KG) of the center of gravity 
above the base. 

Plate II shows the complete results of the general studies of 
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two different cases of flooding for the troop transport shown on 
Plate I, presented in convenient form for ready application to any 
actual condition of loading. The flooding is shown by sketches 
of the compartments involved. Permeabilities assumed in these 
compartments are indicated on the sketches or plotted against 
the drafts before damage to which they correspond. Righting 
arms before and after flooding are plotted as curves of statical 
stability for each arbitrary draft upon which the studies were 
based. Righting arms after flooding are also plotted as cross 
curves. A curve of “lost GM”’ is included, mainly for compari- 
son with older studies. Drafts after damage are plotted against 
corresponding drafts before damage to show the residual free- 
board and to facilitate determining the angle of inclination at 
which the bulkhead deck becomes submerged, or progressive 
flooding begins. A comparison of the results reveals that the 
flooding from frame 41 to 94 is more critical than the flooding 
from frame 66 to 113, but this could not have been determined 
unless studies for both cases had been made. Ordinarily the less 
critical case would not be included on the plan. 


Cross CuRVES OF STABILITY AFTER FLOODING 


The procedure for a general study can be modified in certain 
respects so that the interpolation curves can be eliminated and 
cross curves of stability after flooding can be prepared directly. 
There is no appreciable difference in the total amount of work 
involved. The choice is mainly a matter of personal preference. 

In the modified procedure* sections taken through the damaged 
compartments are prepared as before. At least four waterlines 
are superimposed on each section. The weights and moments 
of flooding water below each waterline are determined, tabulated, 
and summed up. Each value of the weight (6), given by the last 
column of the tabulation, is subtracted from the corresponding 
total volume of displacement (4;) to give the weight (Ao) of the 
vessel, i.e., the displacement before damage that would result in 
flooding to that waterline. The value (Ao) is usually different 
for each waterline and each angle of inclination. The residual 
righting arm (OZ,) is calculated for each value of (Ao) and plotted 
against the corresponding draft (do) before damage. Cross 
curves of stability after flooding are then drawn. 

*Described in Navy Teepectment, Bureau of Ships, Technical Memorandum No. 1, “‘Sub- 


division of Ships and Stability after Extensive Flooding,” Restricted, Washington, D. C., now 
being prepared. ‘ 
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InTAcT SPACES IN DAMAGED COMPARTMENTS. 


Where it is desired to determine stability characteristics for 
the worst possible case of damage, it is logical to assume that 
bulkheads on the opposite side of the centerline from the damage, 
and that platforms or flats low in the damaged compartments, 
remain intact. Wing tanks and deep tanks on the opposite side 
of the centerline from the damage are accordingly considered to 
remain intact while those on the damaged side are considered 
to be open to the sea. Shallow centerline tanks are usually 
considered to remain intact. The intact spaces formed are 
blocked out on the sections representative of the flooded com- 
partments and are omitted from the integrations. 

Tanks that are slack or empty, or that are full of liquids less 
dense than the flooding water, and that do not extend above the 
final waterline after flooding, will flood unsymmetrically if 
opened to the sea by the damage. The weight and the moment 
of this flooding water must be included in the integrations.* 
This necessitates revising one or more columns of the tabulation, 
and preparing an additional set of interpolation curves or cross 
curves for each different condition of the tanks. 

Ordinarily tanks located unsymmetrically about the centerline 
are kept as full as practicable in order to minimize the unsym- 
metrical flooding that might occur. In the general studies, only 
those tanks in the damaged compartments that might be empty 
at any one time, and that if flooded unsymmetrically would 
cause the greatest heeling moment (usually one pair of tanks of 
each type of liquid), are considered to be empty. All other tanks 
in the damaged compartments are considered to be full. The 
weight estimate for the condition of loading before damage 
(do, KG) must be based on the same condition of the tanks as 
the calculations for the weights and moments of the flooding water. 

In the upright position the flooding of unsymmetrical spaces 
causes a heeling moment towards the damaged side. The vessel 
heels to some angle where the heeling- moment is reduced to 
zero. The residual righting moments are accordingly less than 
if the tanks had remained intact. 

Tanks extending well above the external waterline and con- 
taining liquids above that level will allow some liquids to run off 
if opened to the sea by the damage. The weight and moment of 
this run-off must be included in the integrations.* 

*Ibid. 
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In the upright position, run-off causes a heeling moment away 
from the damaged side. The vessel heels to some angle where 
the heeling moment is reduced to zero. If the vessel continues 
to roll in the direction of the heel, the run-off will increase with 
the angle of inclination, and the residual righting moments will 
be accordingly less than if the tanks had remained intact. 

The surface of the flooding water used in calculating the 
“lost GM” and the residual metacentric height (GM,), extends 
through the damaged tanks and through any spaces opened to 
the sea, but does not extend through any intact tanks or spaces. 

In drawing the GM tangent line to the righting arm curve 
where the righting arm in the upright position is not zero, the 
residual metacentric height (GM,) plotted at 57.3° is laid off 
above the righting arm value at 0° rather than above the hori- 
zontal axis of the plot. The value laid off above the horizontal 
axis is (GM, + GZ, at 0°) or (GM, — heeling arm). 


EFFECT OF TRIM. 


Factors, such as change in trim, that must be neglected in 
studies of stability after flooding if the calculations are not to 
become too involved to be practical, should be clearly borne in 
mind if the principles involved are to be understood and if special 
cases where the effects of these factors may be significant are to 
be recognized. 

Damage near the bow or stern of a vessel will cause an appre- 
ciable change in trim which cannot be justifiably neglected, but 
the compartments near the bow or stern are comparatively 
narrow and their flooding need seldom be considered with the 
critical cases. 

The model tests,* conducted in conjunction with the develop- 
ment of the methods described, were based on both normal trim 
and parallel sinkage. A comparison of the results showed very 
little effect of trim on righting arms in any case. However, the 
compartments flooded did not extend very far into the ends of 
the mode! and no great changes in trim occurred. A special test 
was conducted with large trims of four and five percent of the 
length of the model imposed, and the results of this test are 
shown in Figures 5 and 6. Righting arms and mean drafts based 
on parallel sinkage are indicated by the solid lines. Righting 
arms for trim by the bow, and drafts forward, are indicated 

*Ibid. 
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by (+). Righting arms for trim by the stern, and drafts aft, are 
indicated by (+). For trim either by the bow or by the stern, the 
metacentric height (or initial stability) is shown to be greater 
than that for parallel sinkage. For trim by the bow, righting 
arms at large angles of inclination are less than those for parallel 
sinkage, while for trim by the stern, righting arms first increase 
over those for parallel sinkage as the angle of inclination increases, 
then decrease so that at angles greater than those shown, they 
evidently fall below the righting arms for parallel sinkage. 

The effect of trim on “lost GM,” and therefore, on residual 
metacentric height can be determined by well established 
methods.* The calculations required are not too involved to be 
practical, but since it has been shown that there is no particular 
relation between metacentric heights and righting arms at larger 
angles of inclination, such calculations are of little value. 

Righting arms based on studies in which trim is neglected, 
when applied with good judgment, should give an indication of 
stability satisfactory for all practical purposes. 


PARTIAL STAGES OF FLOODING. 


The studies of stability after flooding made during World War 
II were based on torpedo hits or other extensive damage that 
resulted in immediate flooding of entire compartments. Slower 
flooding from lesser damage, broken pipe lines, or fire fighting, 
may be more critical during the early stages of flooding than after 
the flooding is complete. The free surface in the damaged com- 
partments is nearly as great, while the offsetting effect of the 
weight of flooding water is considerably less. This condition, 
however, could only occur at small angles of inclination since the 
free surface of shallow water diminishes rapidly as the inclination 
increases. 

The residual metacentric height and righting arm values for a 
cargo vessel were calculated for several partial stages during the 
flooding .of two compartments. The results are plotted in 
Figure 7. This figure shows that losses in metacentric height 
and righting arm values at small angles of inclination are greater 
in the early stages of flooding than as the flooding progresses. 
At larger angles, the righting arm values decrease continually as 
the the flooding progresses, and the worst condition occurs when 


~ *Rossell, Henry E. and Chapman, Lawrence B. “Principles of Naval Architecture,” Volume 
I, pages 183, 184 187-189, The Society of Naval Architects and Marine Engineers, 1939. 
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flooding is complete. It is logical to assume that the same is 
true in nearly all vessels, and consequently partial stages of 
flooding need be considered only for the effect on initial stability. 


In CONCLUSION. 


The methods described for studying subdivision and stability 
after flooding have been applied and found satisfactory for all 
types of vessels from cargo ships to aircraft carriers after all 
conceivable cases of damage in all probable conditions of loading. 
The close agreement of calculated values with the results of 
model tests, representing ten of the more common cases of damage 
in each of three conditions of loading, is a conclusive indication 
that the calculations are dependable. 

It has become evident that metacentric heights alone are not 
sufficient, that empirical and approximate methods are not de- 
pendable, and that righting arms determined by direct calcula- 
tions are the only satisfactory indication of stability characteris- 
tics before or after extensive flooding. Calculations for righting 
arm values after extensive flooding, made in accordance with the 
methods described, are direct and are not too involved to be 
practicable. 
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THE NAVY EXPLORES ITS NORTHERN FRONTIERS. 


By Dr. M. C. SHELESNYAK.* 


“People, perhaps, still exist who believe that it is of no 
importance to explore the unknown polar regions. This, of 
course, shows ignorance. It is hardly necessary to mention here 
of what scientific importance it is that these regions should be 
thoroughly explored. The history of the human race is a con- 
tinual struggle from darkness towards light. It is, therefore, to 
no purpose to discuss the use of knowledge; man wants to know, 
and if he ceases to do so, he is no longer man”. Fridtjof Nansen. 

(From Andrew Croft—‘‘Polar Exploration,’’ London, 1939.) 


This paper is an attempt to portray the historical background 
to the current interest of the Navy in Arctic research and to 
present in some detail the program of the Office of Naval Re- 
search in the fulfillment of research in and exploration of the 
Arctic regions. 

The first American to attain international recognition and 
fame as a polar explorer was a medical officer of the United States 
Navy. He, Elisha Kent Kane, as Commander of the Second 
Grinnell Expedition (1853) in search of Sir John Franklin, found 
a channel leading from Smith Sound into what is now known as 
Kane Sea. Later, Kane reached 80° 35’ North latitude, farthest 
north in the Western hemisphere at that time, and so opened the 
“American Route’ which Rear Admiral Robert E. Peary, 
U.S.N., followed years later in the achievement of the North Pole. 

In an excellent review which appeared in the October 1942 
issue of U. S. Naval Institute Proceedings, Captain Louis H. 
Roddis, (MC) U.S.N., writes: 

“The subject of exploration in the arctic and antartic regions 
either by official expeditions of our Navy, or by officers and men 
of the Navy as leaders or members of private expeditions is one 
that has been to a large degree neglected by the naval historian. 
Yet, from the standpoint of the extent and importance of geo- 
graphic and scientific discovery, it constitutes one of the most 
prominent chapters in the history of the exploration of the globe. 


*Head, Environmental Biology Branch, Medical Sciences Division, Office of Naval Research, 
Washington, D. C. 








472 THE NAVY EXPLORES ITS NORTHERN FRONTIERS. 


Among the principal achievements in the field of polar exploration 
in which officers and men of the Navy have participated may be 
included the virtual discovery of the Antartic Continent; the 
discovery of the North Pole; and air flights over both the North 
and South Pole. Many important additions to the maps of the 
world have been made, and scientific knowledge of vast import- 
ance has been accumulated by the enterprise of the United States 
Navy in this field. All of this work has been done within a little 
more than the span of a century, for prior to 1836, the Navy had 
not taken any part in polar exploration.” 

The Northward course of exploration of the United States 
Navy was led by Lieutenant E. J. DeHaven, U.S.N. in 1851 (The 
First Grinnell Expedition). The brilliant work of Passed 
Assistant Surgeon Kane, in addition to reaching a ‘farthest 
north’, included charting Grinnell Lane, and of singular interest, 
the establishment of a scientific station when the vessel under his 
command, The Advance, was wintered. Biological data on flora 
and fauna, keen medical observations, and extensive meteoro- 
logic, magnetic and glaciological information were collected. 
The material was reported by Kane, in such literary excellence 
of style, as has rarely been approached by explorers. 

Charles Francis Hall was provided a Naval tug of 400 tons by 
the U. S. Navy. This he strengthened, sheathed and renamed 
Polaris. On July 3, 1871, she sailed northward under instruc- 
tions of the Secretary of the Navy to attain the position of the 
North Pole. But Hall died near ““Thank God Harbor’. The 
Polaris was wrecked and part of the crew drifted 1300 miles on 
pack ice, to be rescued by the U.S.S. Tigress (under command of 
James A. Greer, U.S.N.) off Labrador. This drift revealed a 
great deal regarding the nature of polar ice behavior and formed 
its basis for Nansen’s and Amundsen’s Ship-drifts; and recently 
(1937) the Soviet Papanin Expedition which drifted on the ice 
from the Pole to North Atlantic waters. 

The next in line of exploratory missions was the famous and 
tragic voyage of the Jeannette, under Commander George W. 
DeLong, U.S.N. DeLong established the fact that Wrangell 
Land was an island, and not the Southern extension of a polar 
land area as was conjectured. The tragic deaths of DeLong, 
Dr. James Ambler, his medical officer, and their party of ten, can 
be somewhat mitigated by the valuable scientific work which they 
accomplished. Melville, Chief Engineer, wrote, ‘‘In the Lena 
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Delta’’ which Doctor Roddis credits as one of the best books on 
the whole Jeannette Expedition. The open sea north of Bering 
Straits was strongly suggested, if not revealed, by DeLong. 

Under the command of W. S. Schley, two U. S. Navy relief 
ships, Thetis and Bear were sent into the Arctic waters to seek 
the Greely Expedition, and succeeded in reaching Lieutenant A. 
W. Greely of the U. S. Army, at Bedford Pim Island on June 22, 
1844. Although principally a rescue mission, the operation per- 
mitted an extensive amount of exploration. 

Robert E. Peary, Rear Admiral, Civil Engineer Corps, of the 
U. S. Navy, is perhaps the most outstanding of the Navy 
explorers. Although his singular goal, the attainment of 90° 
North Latitude, which he accomplished on April 6, 1909, after 
almost a lifetime of effort, is most notable, Peary made many 
less heralded scientific contributions to Arctic science. 

Peary’s contribution to the fund of knowledge of the Arctic 
was concentrated on the northern Greenland area where nearly 
all of his important Arctic journeys were made or which he used 
as a base. Peary discovered the Cape York, Greenland, collec- 
tion of meteorites. He emphasized the value of meteorological 
observations in Greenland as a basis for weather forecasting. He 
was one of the discoverers of the Greenland ice cap wind system, 
and he developed a method of pack ice sled travel. 

Just less than two decades after Peary’s achievement of the 
North Pole, another officer of the U. S. Navy, Rear Admiral 
Richard Evelyn Byrd, (Retired) furnished with planes and per- 
sonnel by the Navy Department, made a successful flight from 
northern Spitsbergen and on May 9, 1926 at 2102 GST flew over 
the North Pole. With him was Floyd Bennett who was loaned 
to him by the Navy as pilot mechanic. Three years later Byrd 
made a successful flight over the South Pole. 

While it is true that Byrd’s expeditions were not dierctly under 
the Navy Department, he was an officer in the U. S. Navy and 
the Navy Department has always supported, in part, his expedi- 
tions, and thus these Arctic and Antartic expeditions must truly 
be included in the Navy’s historical role in Polar exploration. 

Add to this brief list the explorations of Lieutenant Com- 
mander Fitzhugh Greene of the Crocker Land expedition and 
Commander Donald B. MacMillan, U.S.N.R., who led the 
Crocker Land expedition and later made more than twenty 
Arctic journeys into Iceland, Greenland, Baffin Land and Elles- 
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mere Land; MacMillan’s expeditions were private enterprises, 
but he was a Reservist in the U. S. Navy, and worked closely 
with the Navy. Also worthy of note are the explorations of 
Lieutenant Commander Isaac Schlossback; Lieutenant Com- 
mander, (now Rear Admiral) Richard H. Cruzen; Captain L. L. 
Adamkiewicz, (MC), U.S.N.;and Commander J. W. Danenhower, 
a member of the Nautilus Expedition under Sir Hubert Wilkins. 
- From these one can visualize in part the role of the United States 
Navy in Arctic Exploration up to World War II. 

During the late war, a number of operations, especially in 
Northern Greenland waters and particularly those conducted by 
survey ships, must be considered both on the basis of their 
intrepidity and scientific achievement as creditable missions in 
Arctic exploration. Among others was the young Naval officer, 
David C. Nutt, Commander, U:S.N.R., who was with Captain 
Bob Bartlett during the cruises of the Effie Morrissey from 1935 
to 1940. On the 1940 cruise he was navigator. During the 
early years of the war Nutt was engaged in survey work in the 
Greenland waters. 

After the close of World War II, the Navy continued its com- 
bined operations and exploration and sent two observers to the 
Canadian Army winter Arctic exercise, Musk-Ox, 1945-46; 
Lieutenant Commander R. J. Willingham, U.S.N.R., who was 
with the base and supply forces and the writer, then Lieutenant 
Commander U.S.N.R., who traveled with the Moving Force. 
The Moving Force traveled by motorized tracked vehicles 
(snowmobiles) from Churchill on the western shores of Hudson 
Bay 3100 miles across the Canadian Arctic prairies, Queen Maud 
Gulf, Coronation Gulf and southward from Coppermine to Port 
Radium across Great Bear Lake down the bush country along 
the Alaskan-Canadian highway to Edmonton. To compare 
mechanized traveling techniques with the Eskimo style, the 
writer and Lieutenant Colonel Frank Forrest, U.S.A., traveled 
by dog sled from Coppermine, NWT, to Cambridge Bay, 
Victoria Island, and later rejoined the Moving Forces. 

The Naval Operation ‘‘Nanook’’, which had as its primary 
mission the establishment of Arctic weather stations, must be 
considered an example of a combined operational and scientific 
mission which succeeded in both instances. 

The experience of the Navy, chiefly of the Bureau of Yards 
and Docks and the Naval Petroleum Reserve No. 4 in the years 
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since 1944 while engaged in petroleum exploration in the Point 
Barrow region, can be considered one of the highest types and 
the most advanced of scientific exploration of the Arctic. This 
group has been engaged in actual exploration and has maintained 
an all year round operating schedule that is not only pioneering, 
but actually leads the way in establishing a pattern for Arctic 
colonization. Although many officers of the Navy are interested 
in this program, the leadership in this work is that of Commodore 
William G. Greenman. . 

It is difficult to draw any line of demarcation between the past 
and the present, for the Navy is now engaged in operations 
amost routine in nature which, however, must also be considered 
as exploration. 

It may be of value to examine very briefly the historical back- 
ground of Arctic research in general in order that the picture of 
the Navy’s past and the planned program of the Navy’s future 
in Arctic exploration can be viewed in full prospective. 

The discovery of the Arctic, is, as Stefansson has pointed out 
in his Great Adventures and Explorations, that the Arctic was not 
discovered, but rediscovered. 

As early as the end of the eighth century, Iceland was dis- 
covered by the Irish and the Irish Monk, Dicuil, described in 
DeMensura Orbis Terrae (820 A. D.) the voyage of some of his 
countrymen to Iceland. As early as 983 A. D., when Eric the 
Red was driven out of the country because of a blood feud, he 
sailed on the famous voyage which resulted in the discovery of 
Greenland and establishment of a large settlement. During the 
fourteenth century the Greenland Colony, estimated by Professor 
Finne Jonsson of the University of Copenhagen, about 10,000 
people, was slowly cut off from essential supplies from the main- 
land and the survivors probably absorbed by the native Green- 
landers. The history of the close of the first period of Arctic 
exploration remains a mystery. 

In the fifteenth and sixteenth centuries the-development of sea 
trade to the Far East by the ambitious maritime powers of 
Europe was the most compelling motive of exploration. This 
search for new trade routes to the Indies led the English and 
Dutch to look for a passage across the Arctic seas to the Northern 
part of Asia and America. In 1845 Sir John Franklin in com- 
mand of two ships, the Erebus and the Terror, manned with one 
hundred and twenty-nine officers and men from England’s most 
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prominent families, sailed in search of the Northwest passage. 
None returned and in spite of an official search, which lasted for 
more than eleven years after the expedition was last heard from, 
no living survivor was found. This tragedy stifled further Arctic 
exploration for commercial ends. 


Toward the turn of the century, exploration of the North was 
revived. Now, however, the motive was more akin to sport and 
conquering the polar regions was like climbing mountains. The 
participants became inclined to stress hardships and dangers and 
to make spirited dashes to achieve certain geographical places. 
Scientific observation was, in general, secondary. However, 
this was not always the case, for late in the 19th century and 
early in the 20th century the scientific explorations of Nansen, 
Sverdrup, Nordenskjold, Rasmussen, and Stefansson and certain. 
others were ones of greater scientific accomplishment. Actually 
these men reoriented the polar exploration into its present 
pattern of scientific study. Today few men go into the North 
without some technical interest. This is of significance in the 
long-time planning and execution of Arctic research and will be 
discussed later. 


The increasing interest in the Arctic has revealed an. acute 
absence of any systematic body of scientific data about the basic 
geographical and physical conditions. The information which 
has been gathered in the past century has been chiefly through 
the toil of individuals or small expeditionary groups whose main 
mission was generally the attainment of some specific geographic 
location, and thus the technical information was secured as a; 
secondary objective. While this was not universally true, even 
on those expeditions with a singular mission the accumulation of 
scientific data was usually limited both technically and financi- 
ally, and the parties were usually in the field relatively short 
periods (expeditions by Stefansson, Nansen, Sverdrup, Koch and. 
Rasmussen were exceptions). 


The advances in technology of scientific research are at present 
of such magnitude that studies must have full financial support 
in order to exploit the most’ modern and highly specialized 
techniques and to procure the greatest benefits from these studies. 
This demands financial support of a magnitude that government 
funds are almost mandatory. Moreover, the accumulation of 
systematically collected data demands long-term studies at fixed 
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or semi-fixed bases and this again necessitates adequate financial 
support. 

Another important aspect of Arctic research which must be 
borne in mind in planning is the essential need for the integration 
of the various disciplines of science. The polar regions are fertile 
frontiers for investigation especially of the descriptive phases of 
the natural and biological sciences. But more than that, the 
polar regions demand the integration of man’s capabilities and 
limitations with factors of engineering design and development, 
of climate and geography. These polar areas demand a continu- 
ing concern by the engineer, the economist, the geographer, and 
the naval officer of man’s reactions to the environment and a 
continuing regard for the geographic parameters of physical and 
biological factors by the biologist, the engineer, and the planner, 
whether they be civilian or military strategists. In an article 
entitled, Research in Problems of Human Biology in Polar and 
Circumpolar Areas, M. C, Shelesnyak states ‘‘it should be noted 
that problems are included which deal specifically with physical 
factors of the environment. The study and understanding of 
these are essential for the investigation of man’s reactions to the 
environment. Their inclusion in this biological program empha- 
sizes the need for close integration of all fields of study when 
analysis of the polar region is made’’. Because of this, it is 
essential to continue collateral and integrated physical and 
biological studies in Arctic regions. This demands large, highly 
organized, fully supported, research teams and expeditions. 

The Navy’s interest in the Arctic has become increasingly 
important with the greater understanding of the Arctic regions 
and conditions. In the first instance the fact that the Polar 
Basin is essentially seas and although a broken layer of ice exists 
in many areas the waters are deep, the ice moves and there are 
many leads (open cracks ranging from several feet to miles in 
width and from yards to miles in length) cannot be neglected. 
In certain seasons and in certain areas surface navigation is 
feasible. According to Sub-Inspector Henry A. Larsen, the 
Captain of the Royal Canadian Mounted Police Schooner St. 
Roch which has made the Northwest passage both from East to 
West and West to East, the Southern waters of the Canadian 
Arctic Archipelago along the mainland coast can be navigated 
almost any season. 

Moreover, the utilization of sub-surface vessels under pack ice 
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should be pursued. This is important particularly in regard to 
an especially modified submersible for conducting scientific 
investigations in the Arctic Sea. 

A second factor which relates the U. S. Navy to the Arctic 
regions is the existence of Naval aviation. Long since 1922 when 
Stefansson in an article in the National Geographic Magazine 
presented the significance of the great circle courses over the 
North Pole in the light of aviation future, the Arctic has become 
important to the flying world. 

A third factor which leads the: U. S. Navy to interest itself in 
the Arctic is the existence of ground forces within the Navy 
organization, as exemplified by maintenance bases and by the 
United States Marine Corps. With such components a part of 
the integral structure of the Navy, it becomes vital that the com- 
plete understanding of the land and sea of the Arctic and Sub- 
arctic be well understood. 

The Office of Naval Research was temporarily established as 
the Office of Research and Inventions in 1945, by order of the 
Secretary of the Navy, and permanently established the Office of 
Naval Research by Act of Congress (Public Law 588) approved 
1 August 1946. The Office of Naval Research has operated 
under certain guiding principles to enable it to carry out its 
chartered responsibilities for the encouragement and sponsorship 
of basic scientific research to serve the needs of the Navy and 
the Nation. 

A primary responsibility, research, embraces stimulation and 
coordination of Navy research, and the arrangement of con- 
tractual relationships in the field of research with individual 
civilian agencies and institutions. The Office of Naval Research 
further functions to stimulate and encourage collaboration with 
civilian scientists in the sponsorship of fundamental scientific 
investigations. Research contracts with individuals, private 
research institutions, and universities for basic research and con- 
sulting services are in the nature of partnership agreements and 
offer the scientist freedom to initiate, explore, test, and publish 
in carrying out basic research for the Navy under contract. 

In accordance with this basic policy a broad program relative 
to Arctic research has been established and certain phases of this 
program initiated. In the summer of 1946, the initiation of the 
Arctic program was accomplished through the Medical Sciences 
Division by the branch concerned with the environmental factors 
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as related to man, the Environmental Biology Branch. In order 
to broaden this activity, an Arctic-Tropic Panel which was 
advisory in nature and which consisted of interested members 
from various branches within the Office of Naval Research was 
established. Plans are under way for the establishment in the 
near future of a Geographical Exploration Branch within the 
Naval Sciences Division of the Office of Naval Research which 
will have as its primary concern the encouragement and sponsor- 
ship of geographical sciences. 

One of the initial programs to be undertaken in the Arctic 
program was the establishment of an Arctic Scientific Station at 
Point Barrow, Alaska. On 13 August the Office of Naval 
Research (then the Office of Research and Inventions) addressed 
an inquiry to all Bureaus relative to the establishment of a 
basic scientific research laboratory in the Arctic, in the vicinity 
of Point Barrow, Alaska, where civilian scientists under contract 
to the Navy Department would conduct investigations of physi- 
cal and biological phenomena related to the environment. In 
conformance with the general policy of the Office of Naval 
Research to seek counsel of qualified scientists, well-known 
Arctic specialists including Sir Hubert Wilkins, Doctor Vilhjal- 
mur Stefansson, Doctor Laurence Gould, President of Carleton 
College and Geologist to the Byrd Expedition, Doctor A. D. 
Washburn, Director of the Arctic Institute of North America, 
Doctor H. U. Sverdrup, Polar Explorer and Head of Scripps 
Oceanographic Institute, Doctor Paul Siple, War Department, 
and others, were solicited for their opinions. All expressed a 
keen interest in the program for the establishment of an Arctic 
Scientific Station and an enthusiastic appreciation of the Navy’s 
assumption of leadership in this undeveloped field of endeavor. 

The nature of the comments of these civilian specialists can be 
best indicated by excerpts from their replies. 

Dr. V. Siefansson replied in part, ““The program outlined in 
your letter of 24 September is so important that I would like to 
do what you ask in your last paragraph. But the views you 
asked for would come under most of the heads you mentioned; 
and since these things have been a life work with me, the com- 
ments you invite would fill a book”” . . . “Summing up: the pro- 
gram you outline seems to me important, and T would be glad to 
collaborate both personally and through our library staff.” 

Dr. A. L. Washburn, Director of the Arctic Institute of America, 











480 THE NAVY EXPLORES ITS NORTHERN FRONTIERS, 


wrote: ‘Your letter of September 24th outlines work of the 
greatest value to Arctic research and I am pleased indeed to have 
this opportunity to follow your suggestion and comment on the 
proposed program. ‘An Arctic field laboratory for the pursuit of 
basic scientific research is one of the best ways to facilitate the 
acquirement of new information. It affords a base of operations 
for scientists, encourages cooperative observations in different 
fields of science, and is the only means of effecting some types of 
research requiring frequent observations at fixed points over a 
period of years. Much of the knowledge that has been gained 
about the Soviet Arctic was made possible by the establishment 
of permanently staffed research stations. The idea of such 
stations is also favored in Canada where the Department of 
Mines and Resources has already started work on a research 
station at Baker Lake, 400 miles north of Churchill. The Arctic 
Institute is keenly interested in all the fields of endeavor outlined 
by your letter and will be glad to cooperate in every way it can’’, 

Sir Hubert Wilkins, one of the outstanding living explorers, 
who was a consultant with the War Department wrote as follows: 
“The information that the Office of Naval Research is effecting 
research and development in various fields of the basic sciences 
by contractural agreements with various civilian agencies as well 
as within Naval laboratories is most encouraging and will cer- 
tainly lead to results of high value. 

“In the formation of programs in specific fields for research 
which are of urgent importance to the Services, it will no doubt 
be wise to consider the possibility of grouping teams of workers 
who can work coordinately toward specific ends and in such 
thanner as to expedite overall accomplishments and avoid 
duplication of effort. 

“In regard to such effort in relation to matter pertaining to 
the Arctic Regions, one of the primary requirements is the 
organization of the data already on record and which is presently 
scattered and probably inconspicuous because of its incidental 
association with other matters in various publications. In view 
of this, research and writing of an encyclopedia of the Arctic, a 
compilation of a bibliographic index of Arctic literature, and 
cross indexing should be undertaken without delay. 

“While the forementioned operations are, in my opinion, of 
primary importance, the initiation of a service laboratory and 
field research should not be delayed, since there are specific service 
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problems in physiology, environmental protection and geophysics 
which must be solved as early as possible if the services are to be 
adequately prepared for contingencies evidenced. 

“It would not be possible even to outline, in the compass of 
this letter, the various phases of development necessary, but I 
might mention as one, the development of suitable seas and land 
travel in high latitude; some of which might be brought about 
by the modification of existing types.” 

It was envisioned that the initiation program of such a labora- 
tory would be focused around specific research projects submitted 
by leading scientists desiring to do work in the field, rather than 
around the development of a large physical plant. Through the 
cooperation of the Bureau of Yards and Docks it was possible to 
plan for the billeting of scientific groups at the Barrow Station. 
After the completion of preliminary investigations regarding the 
type of basic research which would interest the various Bureaus 
within the Navy, projects which included complete study of 
climatic conditions, extensive geographical and hydrographical 
surveys and biological evaluations including medical aspects of 
the region, an all-Navy conference was held in January, 1947, 
and final plans made for the launching of the program. 

By the summer of 1947 two teams of scientists, one from 
Swarthmore College and one from Cornell University were under 
way conducting a year’s study on the biological aspects of the 
Arctic, especially those related to the metabolism of warm 
blooded animals including man. The establishment of this 
scientific station by the Navy is the signal achievement and is 
the first laboratory to be established in the North American 
Arctic for the single purpose of pursuing basic scientific investiga- 
tions. Matters related to development and test, although of 
vital importance are not included in this program. 

A second phase of the Arctic program of the Office of Naval 
Research is related to the existing information, and is in the 
nature of library research. The traditional writings relative to 
the Arctic are general in nature, and special items of scientific 
values are usually included and buried in travelogs, on trip and 
voyage reports, so that the extraction of specific information 
demands an advanced student of Arctic literature. 

In order that the Nation’s scientists and the Navy, in particu- 
lar, may have ready access to a systematic compilation of all 
known Arctic information, the Office of Naval Research is spon- 
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soring the famous student and explorer of the Arctic, Doctor 
Vilhjalmur Stefansson, in the compilation, editing, and writing 
of an encyclopedia of the Arctic. The staff now compiling the 
Encyclopedia Arctica at the Stefansson Library, 67 Morton 
Street, New York, N. Y., consists of eight permanent mem- 
bers and five free lance assistants in addition to an advisory 
editor and the Canadian editor, Richard Finnie, of Carp, Ontario. 
In broad outline the Encyclopedia falls into five main categories: 
biography, geography, government departments, scientific insti- 
tutions, and public articles. The biographical material will 
include exploration histories and sketches of men who by their 
writings or scientific achievement influenced the exploration and 
development of the northern regions. Geographical descriptions 
will deal with the land and sea areas, settlements, rivers, cities, 
together with resources and industrial development, places 
described, transportation, and so forth. In_ the _ section, 
“Government Departments’’, historical sketches will be included 
of all U. S. Government departments and other countries that 
deal with the Arctic. Similarly, sketches of scientific institutions 
will describe development of the Arctic. 


The public articles will deal with a wide variety of scientific 
information: anthropology, botany, zoology, geology, medicine, 
historical problems, practical methods of living and operating, 
permafrost, equipment, engineering, and others. 


Arrangements for the above work fall under three headings: 
work done in the library or under the immediate supervision of 
the editor; the work done by special contributors; and that pre- 
pared by Government departments or by scientific institutions. 


By June 1947, a few months after the contract was let, almost 
one hundred completed biographical sketches have been received. 
Detailed geographical information is being collected and com- 
piled, but the actual writing is being delayed until more material 
is available. Governments other than that of the United States 
will cooperate by submitting reports of their activities. The 
scientific institutions so far have responded with great interest 
and willingness to furnish articles regarding their roles in further- 
ing exploration in the Arctic. Special articles are being written, 
and by the end of this year articles on airport construction on 
frozen ground, technique of cold weather forest camping, sea-ice 
camping, and a number of other specific subjects should be com- 
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pleted. The program has been accelerated from month to 
month since its inception at the beginning of 1947. 

Another project in library research is a task which is being 
supported jointly by the Navy through the Office of Naval 
Research and the Army with the Arctic Institute of North 
America for the compilation of a thoroughly cross indexed 
bibliography of all Arctic literature. This bibliography will be 
of great value both to the uninitiated and to the specialist in 
Arctic studies as a source for quick access to the literature. It 
will be so arranged that fields, specialists and geographical areas 
can be approached with ease, and the initial steps of further 
study and investigation become greatly simplified. The use of a 
bibliography as a research tool is universal. The lack of a com- 
plete Arctic bibliography at present is a serious handicap for 
persons interested in pursuing Arctic studies. 

Somewhat similar to the bibliography of the Arctic is the 
compilation of a roster of Arctic specialists in the nature of a 
“Who's Who in the Arctic’. This; too, is an undertaking by 
the Arctic Institute of North America under joint sponsorship 
by the Army and the Navy and under the direction of the Office 
of Naval Research. Such a roster will include men and women 
of various specialties, scientists, frontiersmen, explorers, and 
students of the Arctic. In addition to its intrinsic value as a 
roster for ready access to the specialists in the field, it will afford 
an opportunity for students to seek advice and information from 
various people whose experience and knowledge of particular 
subjects or regions in the Arctic are unique and often otherwise 
unobtainable. 

In addition to the sponsorship of an Arctic research laboratory 
and the library type of research noted above, the Office of Naval 
Research has sponsored, through the Arctic Institute of North 
America six Arctic field projects, three related to geological work 
and three to biological investigations during the summer season 
of 1947. The nature of this work ranged from fundamental 
studies on genetic developments of certain species of animals 
which inhabit parts of the world ranging from the Tropics to 
the Arctic, to topographical studies correlating the surface char- 
acteristics with the permanently frozen gound. 

Two projects which are in the very earliest of the planning 
stages warrant discussion. This is true inspite of the fact that 
certainty regarding the fulfillment or even the possible achieve- 
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ment of these problems is indefinite. Both programs involve a 
great deal of preliminary planning and ‘discussion. The first 
program is in reference to an Arctic floating research station, 
namely, an Arctic vessel designed and operated for the essential 
purpose of conducting scientific investigations in the Arctic seas. 
Such a vessel should be considered a research facility and designed 
for minimum operational and maintenance forces and with maxi- 
mum laboratory and research space. It is interesting to note in 
passing that in spite of the many vessels that have gone into the 
Arctic Sea for the purpose of studying natural phenomena, no 
vessel has yet been designed and built specifically for this purpose. 
The basic planning of the characteristics of such a vessel is being 
undertaken at present in the Office of Naval Research by Com- 
mander David C. Nutt, in the Geographical Exploration Branch 
of the Naval Sciences Division. 

The other program of this nature is the consideration of an 
especially designed submarine for conducting scientific investiga- 
tions under the ice of the polar Mediterranean Sea. This is a 
long-range program, and the primary role of the Office of Naval 
Research is the establishment of criteria for a research submarine 
and the thorough examination of the needs and requirements for 
such a research facility. Only upon examination of the experi- 
ences of the past and the requirements for the future, can this 
submersible Arctic Research Station be considered. 

This program which has been defined as current within the 
Office of Naval Research’s planning has been stated in as specific 
terms as can be characterized by projects either in effect or under 
consideration. In more general terms the program for polar 
exploration and research which is of interest to the Navy can be 
visualized in two significant publications: the first published in 
1928 by the American Geographical Society entitled Problems of 
Polar Research, and the second, Bulletin No. 1 of the Arctic 
Institute of North America published in March 1946, A Program 
of Desirable Scientific Investigations in Arctic North America, 
which are statements of scientific needs as expressed by students 
of the Arctic. As great as are the general interests of Arctic 
students, so great and extensive are the interests of the Office of 
Naval Research. 

In this statement the author has attempted to indicate that, 
through the sponsorship and support of basic research in the 
Arctic, and with the freedom to publish scientific findings, the 
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Navy is in a manner maintaining and perpetuating the heroic 
traditions of DeHaven, Kane, DeLong, Wilkes, MacMillan, 
Byrd, and other Naval Officers in Polar Exploration. 
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THE EXAGGERATED FIRE HAZARD OF MAGNESIUM. 
By Captain Cart J. Lams,U.S.N.R., (Member). 


As was true in the case of aluminum, the price of magnesium 
in the early days of its development was high and its uses were 
limited. As one of the earliest uses of aluminum was in thermite 
welding, one of the earliest uses of magnesium was in flash bulbs, 
and its most widely publicized use, brought forcefully to the 
attention of the world, was in incendiary bombs during the 
early part of World War II. 

Very early in the history of both metals they graduated from 
the field of fire into those fields where their properties of light 
weight combined with high strength made them extremely de- 
sirable. Due to the fact that Dr. Willard Dow pioneered and 
developed magnesium long after aluminum was widely accepted 
as structural metal, it has not yet found such wide use, although 
the wide employment of magnesium in commercial and military 
engines and planes made possible the efficient and long range 
operation of fighters, bombers and transport planes. 

Because magnesium has strength characteristics comparable 
to aluminum, but weighs only two-thirds as much, its greatest 
use is still in aviation. Like other metals, its finely divided 
particles produced by machine operations may become ignited, 
but since it is considerably easier, quicker and cheaper to 
machine than any other metal, a piece of comparable size pro- 
duces more magnesium particles in a given period of ti ue. 
However, the aircraft and engine manufacturers easily developed 
the safe and simple procedures necessary to prevent fires when 
machining magnesium. 

As we all know, the finely divided particles of many other 
elements and materials may also be ignited. Very disastrous 
explosions and resultant fires have occurred, to mention a few 
cases, in flour mills, in boiler rooms burning pulverized coal and 
in wood working plants due to sawdust. 

When alternating current electric generators were first de- 
veloped by Westinghouse, men of those times considered such 
current very dangerous. As was found to be the case with 
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electric fires, water should not be used to fight magnesium fires, 
when they occur. 

It is more than likely that a large part of the belief held by 
quite a few people, to the effect that magnesium burns easily 
and is therefore dangerous, is due to the use of magnesium in 
incendiary bombs in the early days of the recent war. The 
gasoline jelly incendiary bombs were found to be far more effi- 
cient, and as a result gasoline jelly replaced magnesium as incen- 
diary material. Industry and the public use gasoline daily, in 
tremendous quantities, because the oil refiners have developed 
safe methods of handling it. 


So too, the magnesium industry has developed simple tech- 
niques to handle magnesium safely, in any of itsforms. Actually 
magnesium is far safer, from the viewpoint of possible fire hazard 
than is gasoline. Like practically all other solid materials, 
magnesium and its alloys must be heated to their ignition points 
before they will ignite. 

As noted, magnesium alloys have been widely used in the con- 
struction of aircraft engines for many years. \ About eight years 
ago, the Sharples Corporation - built ultra-centrifuge bowls of 
forged magnesium alloy, operating at ‘speeds of 80,000 RPM. 
Today, magnesium alloys are used in waffle irons, ash trays, 
Diesel and gasoline engines, and in many other applications 
where they are subject to elevated tempetatiifes. — 

Due to its light weight, because it resists shock and vibration 
better than other structural metals, ‘because it is easier to ma- 
chine than any other known metal or alloy, and because there is 
an inexhaustible supply available, magnesium is destined to find 
ever wider use in fields other than aircraft. 

On February 18, 19 and 20 at Wright Field, Dayton, Ohio, an 
unusual exposition took place under the joint sponsorship of the 
Air Materiel Command, Army Air Forces and the Magnesium 
Association. In addition to the Heli-Arc Welding demonstra- 
tion, for the first time in history magnesium was die cast before 
the public by Hydropress, Inc., of New York, N. Y. The daily 
operation of the die casting machine, using melted magnesium 
alloy, before thousands of people, demonstrated that the melting 
and die casting of magnesium is simple, practical and efficient 
when performed in accordance with developed practice and when 
using proper equipment. 
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As indicated above, the possibility of fire has been grossly 
exaggerated. We know magnesium and its alloys must be 
heated to the melting point before they will burn. Finely 
divided particles or powder will burn quietly if dry or oil soaked. 
Conventional liquid extinguishers or CO, should never be used. 
In an emergency, water may be used to limit or confine the fire 
area. 

Magnesium fires may occur, primarily because of ignorance or 
carelessness, as is true in the case of practically all burnable 
materials. G-1 Pyrene powder quickly extinguishes magnesium 
fires. Dry sand is effective in the case of small fires, and the 
U.S. Navy has had considerable success in extinguishing experi- 
mental magnesium fires with Freon gas. 

Grindings, turnings and borings from machine tools and floors 
should be removed at regular and short intervals, and stored in 
dry, covered metal containers. Only oil-type cutting fluids and 
coolants should be used when machining magnesium and its 
alloys. 

As a matter of fact, magnesium alloys may play a real part in 
reducing fire hazard in certain industries. Since they are non- 
sparking, tools made from them will eliminate dangers existing 
where steel tools are used at present, especially in the explosive, 
chemical oil refining, and dry-cleaning industries, or wherever 
volatile liquid or gas is present. 

We are becoming aware of present serious shortages of most 
metals, and of our increasing dependence upon import to obtain 
many of them. Due to the inexhaustible domestic supply of 
magnesium, this metal will necessarily replace the scarce ones, 
in addition to being widely used because of its light weight and 
unusual ability to withstand shock and vibration. It is believed 
that the Air Materiel Command, Army Air Forces, and the 
Magnesium Association have performed a constructive and 
educational service to both the armed services and industry in 
sponsoring an exhibition in which the daily and casual die casting 
of magnesium alloy in the Hydropress machine was witnessed by 
thousands of people. This demonstration proved effectively that 
the previously held fallacies regarding the possibilities of mag- 
nesium fires are figments of the imagination today. 
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DISCUSSION OF THE PAPER. 
“A STUDY OF THE CAUSE OF HARD SLAG 
ON FIRESIDES OF NAVAL BOILERS”. 


By COMMANDER L. C. McC.oskey, U.S.N.R. 


PUBLISHED IN THE May 1947 JOURNAL OF THE 
AMERICAN SOCIETY OF NAVAL ENGINEERS. 
Captain Cart J. Lams, U.S.N.R.* (Member). 


Commander McCloskey has contributed to the JOURNAL a 
paper, for which he and the authority who authorized the study 
involved deserve great credit. An experienced steam and com- 
bustion Engineer can only agree with the major contents and 
conclusions of Commander McCloskey’s paper. There are, 
however, a couple of points which may be amplified construc- 
tively. The writer served aboard three Cruisers and one C.V.E., 
and by paying close attention to critical points was able to pre- 
vent slag deposits, scale or soot formation on the fireside tubes 
of any of these ships. A very important point, and one which 
deserves great emphasis when burning oil aboard ship, is to make 
sure that the oil is dry and free of any moisture, particularly 
since said moisture contained in the oil bunkers aboard ship will 
almost certainly be sea water which came aboard with the fuel 
from the tanker, or which remained in the fuel oil tanks as a 
result of previous ballasting. In order to keep oil dry it was 
found necessary to strip all fuel oil tanks of water immediately 
after fueling, to test all tanks for water every 24 hours, stripping 
same of water when found, and to test and strip the daily fuel 
oil service tanks each time they were filled. Such procedure may 
seem irksome but it is very much worth while and pays real 
dividends—not only in elimination of emergency shut-downs due 
to losing fire under boilers at sea, but also due to elimination of 
the sea salts which contaminate fuel oil and which are major 
contributing factors toward slag formation. 

As Commander McCloskey states—fuel oil is a high ignition, 
high viscosity, tar, held in a solution by a thin petroleum dis- 


*Captain Lamb is an associate of Douglas M. McBean, Inc., Consulting Engineers of Rochester 
and New York. ; 
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tillate. It was originally specified and blended to be atomized 
at 150 SSU. It is felt that Commander McCloskey was not 
sufficiently accurate or definite when he stated that viscosity of 
150 SSU should result when the oil is heated to within 2 or3 
degrees of 135 degrees F. 


The original and pioneering work on proper fuel oil combustion 
was done by Ralph Brierly at the Boiler and Turbine Laboratory, 
Philadelphia Navy Ship Yard when it was operated as the Fuel 
Oil School back in the early 1920’s. Mr. Brierly at that time 
established for the benefit of the Navy, The Shipping Board, the 
Coast Guard and the oil companies the definite data that the 
ideal atomization and combustion of fuel oil requires that the oil 
be heated to that temperature which will result in a viscosity of 
150 SSU. Since Navy specification fuel oils are blended of 
residues of practically all known crude stocks, with distillates 
obtained from crudes originating in many fields, they are not 
standard as to the temperature which will give a resultant vis- 
cosity of 150 SSU. 

With the improvement of boiler practice over the years, and 
the addition of such heat exchange elements as water walls, 
superheaters and economizers to Naval boilers, stack tempera- 
tures have dropped appreciably, resulting in appreciably reduced 
gas volumes and velocities. As might be expected, modern 
boilers have thus become soot and ash collectors. Based upon 
the above facts, the writer operated Naval boilers so as to have 
between 10 to 15° excess air. Such operation resulted in keeping 
all tubes so clean, with the oil temperature correct, that it¥was 
only necessary to blow tubes once a week instead of three times 
a day. As presented before the semi-annual meeting of the 
A.S.M.E. in June, at Chicago by the A.S.M.E. special¥research 
committee on furnace performance, tests on a 475,000 Ib. of 
steam per hr. boiler, 1375 psig, 925° F at the superheater outlet, 
demonstrated that the use of 15 per cent excess air results in 
great reduction of ash accumulation (slag), reduced stack temp- 
erature and increased absorption rates, due to tubes being clean. 
From the above it is evident that to operate with a “light brown 
haze”’ is not only not good practice: it is definitely bad practice. 

In the writer’s four years experience at sea in combatant ships, 
during World War II, fuel oil was only burned at the temperature 
(as found by taking the actual viscosity of the oil at every fuel- 
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ing) which would give a viscosity of 150 SSU at the sprayer plate. 
These temperatures ranged during the four years, from a mini- 
mum of 110° F to a maximum of 125° F, but in no case where the 
oil was obtained from a tanker, a U. S. Port, in an advanced base, 
or in a rear area base was the oil received aboard which required 
heating above 125° to achieve the proper viscosity of 150 SSU. 

With respect to the pressure range of the so called ‘‘semi-wide 
range” burner it was soon found aboard ship that the lower limit 
of atomization pressure was too low at 75 psig. Ata lower limit 
of 125 psig and an upper limit of 350 psig on the U.S.S. Atlanta 
excellent results were obtained. Incidentally, when the lower 
limit is much below 125 psig it requires excessive air to prevent 
smoking, so that the plant will tell the alert operating Engineer 
what is wrong. As the author states, the throttling of air 
registers is bad and defeats the purpose of the design Engineer. 
It should be self evident that in every case best results will be 
obtained when operating with a maximum number of small size 
burners at high pressure rather than only a few large size burners 
at a reduced pressure. 

The writer can not agree entirely with Commander McCloskey’s 
‘‘Means for Reducing the Incidence of Slag Deposits’’ on pages 
161 and 162 and offers comments as follows: 


A. Modification of oil design. In view of the present World 
shortage of mineral oil deposits and the fact that the World 
demand exceeds the supply, it will be impossible in the 
case of future wars to obtain ‘‘ideal” or improved fuel oils. 
As a matter of fact when the Navy, Army, Air Forces and 
industrial demands for lubricants and gasoline are con- 
sidered it will be doubtful if the Navy will be able to obtain 
oil anywhere near the high quality of that burned in 
World War II. 

B. Modification of Boiler Design. The use of wider tube pitch 
will mean larger, heavier boilers and the use of lower super- 
heat temperatures will again mean larger, heavier boilers, 
turbines and steam piping, in addition to increased fuel 
consumption. 

C. Modification of Furnace Design. It is believed that there is 
room for improvement of furnace shape, not only to give 
larger flame travel but to eliminate ‘‘cold corners’. The 
writer will be very much surprised if work along this line 
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is not being considered as part of the research program at 
the present time. 


. Modification of Burner Design. It is believed that the 


Navy, Merchant Service and industrial plants may profit 
as a result of some of the recent outstanding burner 
developments, accomplished by such organizations as 
Allis-Chalmers, Westinghouse, General Electric Company 
and Bituminous Coal Research, Inc. in the design and con- 
struction of atomizer burners for jet engines and gas 
turbines. It is felt that the use of a large number of small 
burners will have certain draw backs both from the weight 
viewpoint and the viewpoint of maneuverability. The 
‘‘semi-wide range’ burner does have some very great mili- 
tary advantages during war time, particularly in large 
formations which are maneuvering at sea on various courses 
and at various speeds. With respect to separate double 
fronts to avoid throttling of air registers—this again would 
add weight and space and is of course not necessary if the 
register is operated properly. Ultimate best results would 
seem to be dependent, as is true with respect to stripping 
water from oil, and ascertaining the right temperature at 
which the oil should be burned, upon the knowledge, ex- 
perience and sense of responsibility of the Engineer Officer. 


. Operational, Oil. Sufficient comment has been given above 


on the importance of stripping water from fuel tanks. At 
all times the Commanding Officer and the Engineer Officer 
should insist upon ballasting of all empty fuel oil tanks at 
sea. When the fuel has been consumed from such tanks 
the danger involved due to poor ship stability when any 
Naval vessel is operated at sea with an appreciable number 
of empty fuel (or fresh water) tanks it too great to ever 
encourage an operating engineer to reduce the water ballast- 
ing of tanks. The destroyers which were lost in a typhoon 
during World War II did not have their fuel tanks ballasted 
while sister destroyers, only a few hundred yards away, 
weathered the same typhoon because their fuel oil tanks 
were ballasted. The Navy experimented with centrifugal 
removal of water from bunker oil many yearsago. Beyond 


“any question of doubt centrifuges will remove the water 


from oil—however, the weight and space required are 
prohibitive for any practical consideration of its use. 
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G.-H. Operational, Furnace—Operational, Burner. The writer 
agrees with Commander McCloskey with respect to all 
items under these two headings except 7 and 8 under H. 
Since the use of a “‘semi-wide range” burner between 125 
psig and 350 psig offers definite and military advantages, 
and since as is pointed out above, a predetermined fixed 
oil temperature for obtaining the proper viscosity of 150 
SSU can not and should not be given as an arbritary figure, 
the only proper method of obtaining the desired viscosity 
of 150 SSU is to find the temperature for each batch of oil 
received which will give the ideal viscosity by means of 
the viscosimeter. This is easy since the oil laboratories of 
Naval vessels all contain viscosimeters as standard equip- 
ment. 


All Naval Engineers worthy of the name should realize the 
importance of eliminating all possible water from fuel oil before 
it is burned. The old Fuel Oil School and the later Boiler 
Laboratory have taught thousands of officers, water tenders and 
firemen how to burn fuel oil and for over 20 years have been 
stressing the importance of ascertaining the right temperature to 
which the oil should be heated to obtain the ideal viscosity. At 
the same time the same Navy personnel not only learned through 
such schools but through the agency of the Manualof Engineering 
Instructions, the best methods for the proper operation and 
cleaning of burners, sprayer plates and registers. In the final 
analysis it is believed that the major part of the slag formation in 
Naval boilers during wartime was caused mainly by a large 
percent of inexperienced personnel, who did not know or realize 
the importance of operating with dry oil, with proper temperature 
to obtain 150 SSU oil at the sprayer plate, and with a clear 
furnace at all times. It is the writer’s firm opinion that if the 
Engirieer Officer will hold his commissioned and non-commis- 
sioned subordinates to a high standard of performance in the 
operation of modern high pressure, high temperature oil burning 
boilers the incidence of hard slag deposits on the firesides of 
Naval boilers will be practically eliminated. 
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OPERATION PLUTO. 


This article by A. C. ne formerly Technical Director, Petroleum 
Warefare Department, is reprinted (in abbreviated form) from the Journal 
and Proceedings of the Institution of Mechanical Engineers for M , 1947. 
It outlines the difficulties encountered and the various designs tried in develop- 
ing the cross-channel oil pipe line which supplied gasoline to invasion forces 
on the continent of Europe. 


The code name ‘‘Pluto”, coined from the initial letters of “Pipe Line Under 

The Ocean”, was chosen for the operation of laying submarine pipe lines across 
the English ‘Channel and supplying petrol to the Allied —_— yr Liberation 
for their advance across France and Belgium into 
' In this lecture I will describe how the urgent snumitienal need for pipe lines 
came to be clearly stated’ and how an oil company, a submarine sb ged 
pany, and a steel Sigg § developed, for the Petroleum Warfare Department, 
two novel methods w as a result of collaboration between many rival 
commercial firms, Government Departments, and the Services, were used. to 
deliver more than 1,000,000 gallons of petrol a day across the Channel. 
‘. Experiments were made at Westward Ho! where sea conditions.were similar 
to those on the French Coast and, rhe the he beginning of of April sett. Lord Louis 
Mountbatten became convinced tha ve risk of supplies 
being interrupted by the hazards of weslher when tan were ig 
on a lee shore, and that they ye nhs sitting Le mp for enemy sea and air 
attack. He therefore decided tha trol pipe line me occa the Channel was 
necessary if supplies were to be re at all times, and he asked Mr. Geoffrey 
Lloyd, the Secretary for Petroleum, who was responsible for the English pipe 
line system, if he could carry that system across to feed the land lines which I 
have said would be put down by the Royal Engineers as the armies advanced. 

I was told of the requirement when I visited the Petroleum Department on 
15th April 1942, and at first agreed with the views of the ex , but when 
the urgent need for a solution of the problem was rae SeDeat y emphasized I 
suggested the only chance of success would be to make ‘ulfteie - one complete 
length, so as to lay it across without s ‘and at si nt speed to get 
across the strong tidal currents. This.would mean using a small-diameter 
pipe owing to the bulk and weight, but I then thought of the way in which a 
difficult pumping problem through hilly a in Iran had been solved. The 
unusually small internal diameter of 3 inches had been chosen; and by working 
a re very high pressure of 1500 Ib. mY in., ze Dae than 100,000 gallons, or 


uivalent of 25,000 Jerricans a day w aarevenes 8. a distance of 40 
rom pumpin; peerage to pumping ae how valuable such 
a mine would be and that, if one, many could be aes 
I was immediately encouraged to develop my idea, and I — of sub- 
marine telephone and pees, cable practice 


Sir William Fraser, C.B.E., Chairman of the Angio-lranian Pipe a 
Ltd., and Honorary Sie sae Adviser to the War Office, pra ue night 
the fullest support, and I saw Dr. H. R. Wright, Managing ‘Director of Messrs. 
Siemens Brothers and Company, Ltd., the next morning, He received m 
idea with enthusiasm and at once agreed to make a trial length of 
armored with steel tape and wire, but without the peta leg Hae wires, and 
conducting insulation, and it would start with the usual lead covering, as an 
inner lead pipe impervious to petrol. It would be prevented from b erso oos So 
the steel tapes and would be held together iouattadinalty by the steel 

Even at this early stage it was realized that secrecy be essential and 
it was decided to use the word ii ie sci sh 


was chosen 
w The first 200 yards were ready for test in a week and withstood test 
of up to 700 Ib. per sq. in. before failing at the plumbed ends. — ie was oly 2 
inches in diameter and designed for a working pressure of 500 Ib. per sq 
It would only deliver about 30,000 gallons a across the 20 nautical miles 
then visualized, but when it had been hand in and out of a Post Office 
Cable Ship and again been tested satisfactorily, samples were shown by 


tie 8 GG TARAS ODIO AD IRIEL CI A ESR AORIT 


Ate hae Caren 
atatomcr ror 


roa Sgr 


phat ds 
oy 2S eam Pe 


aS 





————e 
aes 


sone 


em 
i 
x 
ig 
ae 
re 
a 3 
ie 


a te erecoraee’ 
sate 


ees 








496 NOTES. 


Mr. Lloyd to the Service Chiefs and to Mr. Churchill, then Prime Minister. 
Instructions were received to proceed with its development with all s : 

The Post Office, the Admiralty, Combined Operations, the War Office, and 
the Anglo-Iranian Oil Company were called ther at the Petroleum Division 
to arrange the manufacture of further lengths and prepare a complete test 

m. The Anglo-Iranian then undertook, as agents of the Petroleum 
ivision, to develop, order, progress, and supervise the whole of the pipe, pi 
joints, pumping installations, etc., required. Messrs. Siemens Brothers, with 
out waiting for official orders or priorities, quickly produced more cable. A 
length was laid by the Post Office Telegraph Ship Alert as a loop in the Medway 
at Chatham, on 10th May 1942, and a pumping test was started with pumps 
borrowed from the Manchester — Canal Company, which they were keeping 

for the emergency operation of lock gates in case of “blitz” damage. 

Failures occurred on this length after two days’ pumping, and the faulty 
— were recovered and examined by the Post Office, by Siemens, and by 

enleys, who had, at Messrs. Siemens’ suggestion, been brought in to provide 
more manufacturing capacity. It was soon evident that the chief reason for 
the failure was the extrusion of the lead through gaps which had been left in 
the spiral steel tape armoring due to the upper layers of tape having come back 
7 over the lower instead of breaking joints in certain places along the 
cable. 

A striking example of the way in which the various interests combined all 
their resources even at this stage to get over difficulties was then provided by 
Siemens and Henleys combining their Research and Design facilities and 
together with the Post Office and the National Physical Laboratory, who had 
also been brought in, helping us to prepare a new specification within two days 
of the failure. Further lengths of 2-inch (internal) diameter cable were 
ordered from both cable makers with four apes of steel tape instead of two, to 
reduce risk of lead extrusion and to enable a higher working pressure to be used . 

This was calculated to be 750 Ib. per 84. in., on the basis that, allowing for 
the gaps in the spirals, only three out of the four tapes would be effective and 
that each would be stressed to half the yield point of the steel. 

The lays of the tapes and of the wires were designed for = and left-hand 
lay os as atte. to balance each other so that the cable would not twist under 
the influence of be op an apres 

Differences in the method of manufacture of lead sheath normally used by 
the various cable makers had meanwhile been under discussion, and Messrs. 
Siemens Brothers took the view that their technique, using a vertical press 
and involving a longitudinal seam, while entirely satisfactory for extruding 
lead sheath on ordinary cable, might need some development to make it equally 
satisfactory for pervs Lin a Rather than run the slightest risk or dealy, they 
agreed to use lead made in presses which avoid a longitudinal seam. Messrs. 
Pirelli’s lead, made in their continuous extrusion machine, was tested, but 
before it could be alopted, their works were damaged by enemy action. 
Messrs. Henleys’ lead. made in their “Judge” straight-through presses, had 
already been proved suitable, and this type of press Tergeens all the lead pipe 
used until the capacity of further cable companies had to be brought in to 
produce the large quantitves of cable eventually required. Lead pipe made 

th by Messrs. Pirelli’s continuous presses and by vertical presses both here 
and in the U. S. A. was later used with complete success. 

Test lengths of both firms’ manufacture were laid by the Post Office Tele- 

aph Ship Iris in deep water off the Clyde. Messrs. Siemens’s length was 

aid first under the severest possible conditions, being laid over the bow and 
filled with air under only atmospheric pressure. On test, after recovery from 
‘the depth of about 200 feet where the external pressure on the cable was 90 
Ib. per sq. in., it appeared at first to be leaking because the applied internal 
test pressure would not remain steady after the cable had been filled with 
water, and because water appeared in places through the outer jute serving. 
These places were stripped, and the lead pipe was found to have been pi 

in on itself into a kidney shape (Fig. 2) by the external water pressure, and 


some water was found to have been trapped in the space thus formed between 
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the lead pipe and its armoring. Under application of the test pressure, the 
lead pipe began to resume its circular shape and pan the trapped water 
through the outer armoring, giving the impression of leaks. 

Before this explanation had been found, however, the decision had been 
taken to lay Henleys cable under the easiest possible conditions owing to the 
increasing hg 2m for the cross-Channel lines. It was laid over the bow of 

M.‘T. S. Iris, but with the ship going astern to simulate the easier over- 
the-stern laying condition; and it was laid full of water under 100 Ib. per sq. 
in. inernal pressure, to balance the external sea pressure. 

The complete success of this lay and the knowledge that the Siemens cable, 
far from failing under the severe conditions of its lay, had, in fact, been. proved 
capable of withstanding much rough handling, resulted in the decision to start 
manufacture of six operational lengths, 2 inches in internal diameter, and of 
30 statute miles each, and to use one length for a full-scale trial in the Bristol 
Channel where conditions of tide and depth of water were more severe than 
those in the English Channel. 

Consideration had meanwhile been given to the methods to be adopted for 
laying the cable in actual operation, and it was early realized that special cable 
ships would have to be equipped to carry a sufficient length of this unusually 
heavy cable, and there still remained the problem of dealing with the shore 
ends in the shallow water, into which the cable ship could not approach. 

The Admiralty and the Ministry of War Transport made available the S. S 
London, a coaster of 1500 tons, and she was fitted out and renamed H. M. S. 
Holdfast under the direction of the Director of Naval Construction with 
Johnson and Phillips’ cable gear lent by the Post Office. 

In the earliest tests on the cable, failures had occurred at or near the fittings 
provided at the ends for holding the Ege si and the great importance of 
designing suitable fittings for joining the shore ends to the main lengths was 
early realized. The efforts of the Anglo-Iranian Research Laboratory, the 
Admiralty Research Laboratory, and of many commercial firms were later 
combined and concentrated at Siemens Brothers, and resulted in the pre - 
tion of an improved joint and its manufacture by them: Bursting disks of 
thin copper sheet were incorporated in the joint to hold the water pressure, 
up to 200 Ib. per sq. in., which had been found desirable during handling, 
storing, and laying, but were so designed as to burst under the operating 
pressures. Alt we about three or four hours were required for fitting the 
joint to the end of the cable, two lengths already fitted could be coupled 
together at sea in about 20 minutes by using the ogee designed split muff 
coupling without the need for using any bolts. e diameter of the coupling 
was sufficiently reduced and faired into the cable to allow it to be handled by 
the cable ship's machinery. 

The final design allowed the steel wires and tapes to be pee securely 
and for the joints to be made petrol-tight with petrol-resisting ru -moulded 
rings against the lead pipe while at the same time preventing the lead from 
being distorted or extruded. The steel rings lockin g the two half-muffs 
together could not be put into ition unless the ends of the joints were 
correctly in line and the muff was fully home, thus making inaccurate assembly 
impossible. 

Statie tests on lengths of cable were continued at the makers’ works, and 
pressures in excess of 3000 lb. per sq. in. were maintained for many months: 
In addition, routine tests, in which a sample of cable was bent without pressure 
six times round a 6-foot diameter drum, each time in a reversed direction, gave 
in all cases an average bursting pressure of between 3500 and 4000 Ib. per wi 
in. It was thus obvious that the fourth tape and also the steel wires, which 
had been neglected in calculating the working re of 750 Ib. per sq. in., 
were in fact contributing largely to the ceeumhs aad it was decided that the 
cables should be operated at 1500 Ib. persq. in. The static tests showed that 
the lays of the steel tapes and wires were correctly balanced, as there was no 
tendency for the cable to rotate under the influence of internal pressure until 
the vield point of the tapes was reached at about 2500 Ib. per sq. in. 
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herties gece the autumn of 1942, Combined Operations conducted handlin 
tests with cable on drums at the experimental establishment at Westward Ho 

in an endeavor to find ways of handling the shore ends with craft which would 
automatically be avialable on the beaches on D-Day. The most promising 
method devised was to mount two-cable drums with about 1000 ands of cable 
on horizontal axles in “L. C. T.’s’’ (landing craft-tanks) with a view to paying 
the cable out over the bow ramp which was lowered with the craft going astern. 

This method was used when the full-scale trial was made on 29th December 
1942, starting from Swansea. Although the main length was successfully laid 
at about 5 knots by H. M. S. Holdfast under the command of Commander 
Treby-Heale, O.B.E., R.N.R., who had been in command of Siemens famous 
cable-layer Faraday, press difficulty was experienced in laying the shore ends 
owing to the lack of maneuverability of the L. C. T.’s when going astern 
with heavy cable over the bow. 

Asa result of a conference at Combined Operations Headquarters in January 
1943, it was agreed it would be necessary to adopt the method used commer- 
cially of coiling sufficient cable horizontally in the hold of a self-propellin 
barge specially fitted for paying it out over the stern through hinadtoattolled 
compressor gear. Although this involved allotting very precious Thames 

and their crews for this sole purpose, they were made available and the 
shore ends were completed in a few days’ work at the end of March 1943. 

The National Oil Refineries at Swansea, with the Royal Engineers, and the 
Royal Army Service Corps’ specially trained Bulk Petroleum Companies, had 
meanwhile erected a pumping station on the sea wall at Queen’s Dock and 
connected it to their petrol tanks; and the R. E., working with Combined 
Operations and the R. A. S. C., had, with the help of the Petroleum Board, 
erected a agri terminal with tanks, pumps, and loading racks in Water- 
mouth Bay, near Ilfracombe. 

After satisfactorily testing with water, the first petrol ever to be pumped 
through such a long sea line reached Watermouth on 4th April 1943. Mr. 
acted “7 the petrol arriving a few days later, and took a sample to Mr. 

urchill. 

It had been intended that the vulnerability of the cable to bombing or depth 
ch and the possibilities of repairs, should it be dragged by a ship's anchor, 
should be investigated. A German raid on Swansea proved that the cable 
was not dama: y a bomb within 100 feet, and, during a fale, a ship at the 
Mumbles anchorage dragged the cable with her anchor. . M. S. Holdfast 
had no difficulty in locating the cable, ie out the damaged portion, and 
running in a new length. e were thus saved, by the enemy and the weather, 
from the need for making our own experiments! 

In order to prove the reliability of the cable and pumps, and to train the 
R. E. and R. A. S. C. personnel who would be responsible for the actual 
operation, pumping continued night and day, first at the original desi: 
pressure of 750 Ib. 7 in. and later at 1500 Ib. a sq. in., when 56, 

llons were cellined to atermouth each day and delivered by the Petroleum 

oard in Devon and Cornwall. 

After many months at this rate, the Petroleum Board preferred to receive 
only about 25,000 gallons a day. It was arranged that the line should con- 
tinue to be operated at full pressure but only for the time necessary to deliver 
the required quantity. This meant that during the shut-down periods the, 
line would be under external pressure due to the difference in specific gravity 
of sea water and petrol, and would therefore be subjected to a daily reversal 
of pressure. It withstood this severe test with complete success. 

The rmaster-General to the Forces, Sir Thomas Riddell-Webster, 
visited Watermouth during Easter 1943, and the cable makers’ Works the 
following week, but before describing the action he took to press the work 
forward, I will recount the development and manufacture of 3-inch Hais cable 
and also of the Hamel pipe. 

While the manufacture and testing of 2-inch internal diameter cable had 
been proceeding, experiments were made with larger diameters, and it was 
proved that one cable 3 inches in internal diameter and 444 inches in external 
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diameter could be made with existing facilities and could be handled by the 
ship’s machinery with only minor modifications. A 3-inch cable would 
deliver about 234 times more petrol than a 2-inch cable, and it was therefore 
decided to stop the manufacture of the 2-inch and concentrate on the 3-inch. 
I will now give you the specification and describe the method of manufacture. 


Of the 570 nautical miles of lead sheath used in the United Kingdom 463 
were made on the Henley me) eter — by Messrs. Henley and the 
Telegraph Construction and Maintenance Company, and 87 nautical miles on 
the Pirelli continuous extrusion machine by Messrs. Pirelli, Johnson and 
Phillips, the Standard Telephone Company, and the Edison Swan Electric 
Company, the balance being supplied by Messrs. Glover’s on their ‘‘Farmer”’ 
press. The lead sheath has an internal bore of 3.05 inches with a minimum 
lead thickness of 0.175 inch, and was manufactured in 700-yard drum lengths. 
The drums of lead sheath were placed behind the armoring machines and each 
individual length was joined by lead burning to the continuous length being 
armored. The cable was armored, and a pressure of 25 Ib. per sq. in. was 
maintained to prevent collapse. 


The lead sheath was first coated with a layer of petroleum residue compound, 
followed by two layers of compounded paper tape with a width of 2% inches 
and a thickness of 0.010 inch, applied left-hand lay with a gap of approximately 
%o inch. This wrapping is then followed by one layer of compounded cotton 
tape about 3 inches wide, having an overlap of % inch, these materials being 
applied to give a bedding for the steel tape and also to increase flexibility. 
Then follow four layers of steel tape 2 inches wide, with a thickness of 0.022 
inch, made from steel with a minimum tensile strength of 25 tons per sq. in., 
a minimum yield of 20 tons per sq. in., and an elongation of 10 per cent in a 
length of 10 inches. These steel tapes are applied right-hand lay with a gap 
of 0.15 inch, breaking joint about ‘60/40’. e individual tapes are joined 
together by cutting at 30 deg. to the length of the tape and lap spot welding. 
The diameter of the cable over these tapes is about 3.72 inches. 


There then follows a petroleum residue compounded coating with a first 
serving of single-ply jute bedding, right-hand lay, and a further coating of 
compound applied at the armoring die, to provide a flexible bedding for the 
armoring wires. There are 57 galvanized steel wires each 0.92 inch in diame- 
ter, having a tensile strength of 25-30 tons per sq. in. with Kaine are of 12 
per cent minimum in a length of 10 inches, and they are applied left-hand at 
about 30 inches lay, with an approximate diameter over the wires of 4.19 
inches. The wires are applied from a rotating carriage having poate bobbins 
to eliminate twist of the wire, and each individual length is joined by butt 
welding. A second serving of single-ply jute is Bee on right-hand lay with a 

troleum residue compound over the jute. A third gahlye d of three-ply jute 
ts now added and is applied left-hand lay, after which there is a layer of 
compound followed by a final coat of whitewash solution. 

The finished cable, full of water, weighs 63 tons per nautical mile, and was 
made in continuous lengths of 35 nautical miles, coiled direct from the armoring 
machine into special storage sites to await loading on to the ship. Fig. 6, shows 
a 35-nautical mile length being loaded from the factory coiling site; the 
diameter of the coil is approximately 60 feet. 


At the commencement of the manufacture of 3-inch Hais cable it became 
necessary to obtain much greater manufacturing capacity; and therefore 
additional machines were brought into operation at Messrs. Callender's, 
Glover's, and Pirelli’s. In the case of Messrs. Callender’s, four machines 
were finally brought into production, and an overhead gantry 45 feet high by 
1600 feet long with supporting towers every 70 feet, was constr: carry 
cable from their amoring shop to an adjacent deep-water jetty. Eight 60-foot 
diameter coiling sites were situated between the supporting towers to facilitate 
continuous manufacture and loading; and these sites were covered by a con- 
tinuous light-framed steel building which had to be erected due to blackout 
regulations. A similar arrangement was made for two amoring machines at 
Messrs. Glover’s and for storage and loading at the Manchester Ship Canal. 
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In-February 1944, I visited the United States to arrange the manufacture: 
of cable at four works there, to meet the increased requirements. 

Messrs. Phelps-Dodge erected a plant alongside deep water at Yonkers, New 
Jersey, in which they installed two armoring machines delivering cables to a 
specially designed coiling site which had additional facilities for receiving 3 14-: 
mile lengths of cable, delivered coiled down on groups of four freight cars from 
Messrs. General Electric and Okonite-Callenders. These lengths were spliced 
into continuous lengths at the site. Messrs. General Cables Corporation 
manufactured a length of cable at their Perth Amboy works which are adjacent: 
to deep water. The cable was delivered to the United Kingdom in merchant 
ships specially fitted with cable tanks. 

x, total of 710 nautical miles of Hais cable was produced for Operation 
Pluto, of which 140 miles came from the United States. 

The second novel proposal came at the end of April 1942 from Mr. B. J. 
Ellis, O.B.E., chief oilfields engineer of the Burmah Oil Company, and Mr. 
H. A. Hammick, O.B.E., chief engineer of the Iraq Petroleum Company, both 
of whom were at that time seconded by their Companies to the Petroleum 
Department. They were dealing with the Hais cable, and when they saw 
how flexible it was in a Jong length, although extremely stiff in a short length, , 
they suggested that steel pipe, which they had also seen to be very flexible,” 
when handled in long lengths in the oilfields, might also be used for making 
long lengths of line required in one piece. ' 

With the assistance of Messrs. Stewarts and Lloyds, Messrs. J. and E. Hall, 
of Dartford, and Messrs. A. I. Welding, they quickly proved that 3-inch steel 
pipe could be bent round a wheel 30 feet in diameter, could be pulled off again. 
relatively straight without kinking, and could be flash-welded to provide any. 
required length. They realized that it could not be handled like cable in; 
horizontal stationary coils in a cable ship because this involves a complete, 
twist in each turn while coiling down, and its removal while uncoiling for 
laying. Mr. Ellis therefore suggested, first, the use of a large wheel mounted 
on trunnions on the deck of a hopper barge with its lower portion protruding 
into the sea through the hopper doors, and later a floating drum like a gigantic 
cotton bobbin capable of carrying any quantity of pipe likely to be required. 

Model tests of the floating drum—H. M. S. Conundrum or ‘‘Conun”’, as it 
came to be called—were made at the National Physical Laboratory in their 
Froude tank and confirmed that such a vessel could be towed at sufficient 
speed without lati § 

Preliminary work had thus proved that the pipe could be bent and pulled 
off straight, that it could be welded with absolute reliability, and that it could, 
be carried and laid by either the wheel and barge or the Conuns, but there 
was no previous experience as to how bare steel pipe would lie and behave on. 
the bottom of the sea. It was felt, however, that it would have at least a six-’ 
weeks’ life, and on this basis of life, and it was by no means certain there would 
be sufficient supplies of lead available to produce all the Hais cable required, 
it was decided to proceed with all speed with a factory at Tilbury to weld, 
store, and wind Hamel pipe and with the conversion of a hopper barge—later 
called H. M. S. Persephone—and with the construction of six Conuns. 

Messrs. Stewarts and Lloyds undertook, in addition to making the steel 
Pipe, to act as agents of the Petroleum Division for the design, construction, 
and subsequently the operation, of the Tilbury factory; and the Director of 
Naval Construction fitted out Persephone, designed the Conun, and supervised 
their construction by Messrs. Orthostyle. 

Each Conun was 90 feet long, with a diameter of 40 feet and a length of 60 
feet between the flanges. Each flange was 52 feet in diameter, having teeth 
on the periphery for Lptergee, | the Conun in the winding operations by a chain 
drive. It could carry up to 70 miles of 3-inch steel pipe at a time, and weighed 


with this length of pipe 1600 tons. The hollow steel trunnions, 10% inches in 
diameter, had Timken roller bearings in cylindrical cast steel housings having 
pairs of vertical trunnion pins 4 inches in diameter, to which two towing lines 
would be attached. The housings were closed at each end by cast steel covers, 
each of which carried a special arrangement of grease seals. Each pair of 
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bearings was designed to withstand a breaking load of 130 tons on the tow 
rope, as well as a 40-ton thrust load due to the angular pull of the tow ropes. 

Two factories with storage sites were erected at Tilbury, each having seven 
lines of machines consisting of a flash-welding machine, a Taylors pipe-cutter, 
and a traversing machine. The standard 40-foot lengths of pipe were welded 
one by one with “‘A. I” flash-welding machines to form len of 4000 feet. 

Low-carbon mild steel was used to facilitate the welding, and the pipe was 
made 3% inches in external diameter, with a wall thickness of 0.212 inch and 
a weight of 20.21 tons a nautical mile. 

Beads standing about 4 inch proud of the pipe were produced by the flash- 
welding process, and they were machined down to about }@ inch internally by 
a rotating cutter and air-blast brushes on long spears, and externally by a 
Taylor cutter. 

The traversing machines had top and bottom tracks which gripped the pipe 
with settee Seed pads and pushed it along the 4000-foct long conveyor 
channels as each new length of pipe was welded on. Sto space was pro- 
vided below the conveyors, and when each length was completed a few yards 
were lifted off at one end, and the whole length then threw itself off, due to its 
weight and elasticity, at about 120 Mph. Fig. 7, shows the storage racks with 
the winding site in the background. 

A welding machine was provided there for joinging the 4000-foot lengths 
into the continuous length required; and a Bos, 9 designed hydraulically 
loaded machine, similar to the snubbing gear used on oil wells, was provided 
for maintaining the steady back-pull on the pipe of about 2 tons, which was 
necessary for bending it round the Conun during winding. 

Hinged arms were provided at the end of the jetty to hold the Conun in 
position by its trunnions, and means were provided to ballast it with water 
when light to minimize wind effect. The pipe was guided on to the Conun 
through a traversing cab to ensure neat winding; and spring spacers were 
clipped on to the pipe as it was wound, to maintain passages between adjacent 
pipes through which water, trapped as the Conun rotated during the lay, could 
escape. It was thought that without this means of escape, sufficient water 
might be picked up to cause excessive braking effect and increase the pull 
necessary during the lay. 

Pending completion of the Tilbury factory, some miles of 3-inch steel pipe 
were hand-welded at Portsmouth Dockyard and wound on Persephone’s wheel 
for preliminary trials which were, to the admitted astonishment of most of the 
spectators, entirely successful. This was early in April 1943, so both the Hais 
cable and Hamel pipe had been brought successful q through their full-scale 
trials, and production on a considerable scale had been organized by the 
Petroleum Division and Chief of Combined Operations before they handed on 
responsibility for the Operational Stage respectively to the Petroleum Warfare 
Departinest, under its Director-General, igios eral Sir Donald Banks, 
K.C.B., D.S.O., M.C., T.D., and to Force Pluto specially o ized by the 
Py ah a under the command of Captain J. F. Hutchings, C.B.E., D.S.O., 


Thus, after visiting Watermouth on 24th April 1943, and seeing the Hais 
cable in actual operation, the Quartermaster-General was able, on the 29th 
April, to visit the Hamel factory at Tilbury, to see Hais cable in production 
at both Henleys at Gravesend and at Siemens’s at Woolwich, where he also 
saw H. M. S. Holdfast loading cable. He decided that further lengths should 
be ordered at once. 

During June and July 1943, recommendations were made by the Quarter- 
master-General’s Petroleum Committee, and confirmed by the Chiefs of Staff 
Committee, who awarded a high priority, that the English pipe-line system 
should be extended to Dungeness and to the Isle of Wight and that pumpin 
pe = 3500 and 3000 tons a day capacity, respectively, should be aaaeel 
at these places. 

The Isle of Wight to Cherbourg crossing, then considered for the first time, 
involved a sea crossing of about 70 nautical miles instead of the 20 or so 
orginally visualized, and made necessary the provision of larger cable ships 
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and the use of the Conun loaded down till the axles were awash. Followinga _ 
successful lay with 3-inch Hais cable, S. N. O. Pluto obtained three more ships 
to be converted and fitted with cable gear by the Director of Naval Construc- 
tion, one, H. M. S. Algerian to nr ip Be miles of 3-inch cable, and the other 
two, H. M.S. Latimer and H. M. S. Sancroft, to carry 100 miles of 3-inch cable 
weighing about 6400 tons. Six Thames barges were equip to handle the 
shore ends and a large number of auxiliary vessels were added to the Force, 
whose personnel numbered 100 officers and 1000 men. 

Further tests with a model Conun at the National Physical Laboratory 
showed it could be handled when loaded with 70 miles of pipe, provided two 
of the largest class of ocean rescue tugs were used ahead, with a smaller tug 
astern for steering. 

The Isle of Wight pumping installation at Sandown consisted of sixteen 
reciprocating and two centrifugal pumps, and at Shanklin, eight reciprocating 
and two centrifugal pumps, these stations being cross-connected by two Hamel 
line loops laid out to sea and in again. Thus if either of the installations at 
Sandown or Shanklin had been “‘blitzed"’ the other could have taken over. 

At Dungeness, thirty reciprocating and four centrifugal pumps, designed for 
1500 Ib. per sq. in. bane et were installed at three well-dispersed sites along 
the coast and were fed from the land-line system. 

The reciprocating pumps were manufactured by Messrs. Frank Pearn, Ltd., 
and delivered approximately 40 Imperial gallons of gasoline per minute, when 
running at a speed of 45 Rpm. They were driven by V-ropes by 60 Hp. 
“Caterpillar” engines. The centrifuga Aas were manufactured by Messrs. 
Mather and Platt, Ltd., and delivered 214 Imperial gallons of gasoline a 
minute, and were driven by 500 Hp. motors. 

The Anglo-Iranian undertook the supervision of the erection of the pumpin 
terminals and tankage by civilian contractors and R. E., R. A. S. C., an 
Pioneers. 

The Petroleum Board constructed the land lines and S, N. O, Pluto laid a 
large number of Hais and Hamel lines across the Solent, both to provide the 
link across to the Isle of Wight, and also, at the same time, to train its large 
new Force and develop and try out its ships and gear. During these operations 
it was found that the cable and pipe would withstand all reasonable end-pulls, 
but that both would be severely kinked and damaged if allowed to hang 
vertically from the laying vessel, or if run back upon. 

Full-scale trials were made with the Conun in the Thames in February 1944, 
and in Bournemouth Bay in April 1944, during which the technique for towing 
at speeds up to’ 7 knots was developed. The decision was also taken to moor 
the Conun at the aon of her run and haul in the shore length of pipe by 
means of a warp pulled in by a plough traction a the farther end beth 
laid parallel with the shore and subsequently pulled in. 

It was the decision to lay Pluto lines to Cherbourg which had made necessary 
much yg supplies of Hais cable and Hamel pipe; and, in addition to increas- 
ing the British manufacture of Hais cable as much as possible, and starting 

roduction in the U. S. A., the decision was taken to duplicate the Tilbury 
Facilities for welding and winding Hamel pipe. 

I will now refer briefly to an American scheme which had been developed 
for laying cross-Channel lines by welding lengths of about 6 miles of 6-inch 
steel pipe on shore and towing them out to sea under Radar guidance in the, 
hope that the ends might be connected below water by means of extremely 
ingenious “‘ hopper” swivel joints. When it was seen how far Hais and 
Hamel had lies poet noe and that no joints were required in the main lays, 
and realizing the difficulties divers would encounter while making joints in the 
tidal currents of the English Channel, General Eisenhower decided to abandon 
the American scheme in December 1943, and to give us all possible help in 
making Hais cable and in providing pumping equipment, etc. 

I have reserved a reference to one aspect of the whole operation until now 
in order to emphasize its extreme importance. I refer to security and camou- 
flage. Unlike many war secrets, Pluto could have been given away by a sin 
phrase, for instance: ‘‘A petrol pipe like a hollow submarine cable across the 
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Channel”, and pumping stations and both types of sea lines could easily have 
OTs pentping stat der th ision of flage 
e pumping station construction was under the supervision of a camou: 
officer; all plant which might be seen from the air was moved into position at 
night; and existing buildings such as bungalows, garages, ice cream factories, 
etc., were used as pump houses. Contro oevearapns were taken at regular 
intervals by the R. A. F., and the complete success of all the precautions, often 
expensive and irksome, was proved by the lack of any known attempt by the 

enemy to interfere at any time. 

All was ready to carry out Operation Pluto some weeks before D-Day, but 
it could not begin till 12th August 1944, because of the delay in capturing 
Cherbourg and in clearing sea mines. Two Hais cables and two Hamel pi 
were laid during the next few weeks and difficulties were encountered which 
provided valuable experience for the future lays. 

Petrol was pum across to Cherbourg, but the Allied Armies’ rapid ad- 
vance along the French Coast made it necessary to concentrate all efforts on 
the Dungeness crossing, and the Cherbourg lines were shut down. 

The Dungeness lines were run to a beach inside the outer harbor of Boulogne 
in order to save the time required to clear the heavily mined beach at Amble- 
teuse which had previously been chosen. This involved a longer run and a 
more difficult approach, but the first was laid in October 1944 and after the 
technique had been perfected for laying the main lengths of Hais cable over 
the stern and dropping the ends to the bottom, to be picked up at a suitable 
state of a later tide for connecting to the shore ends in the barges, further lines 
were laid and commissioned with certainty and without incident. 

The method of pulling in the Hamel shore ends from the Conun, however, 
proved difficult and involved the loss of one Conun. A solution was found b 
winding turns of Hais cable at the beginning and end of each length of Hamel, 
followed by a special floating wire. The Conun could then be handled like 
the cable ship, laying each end on the bottom for the barges to es up and 

the shore ends in the same way as for a complete Hais. This 
technique enabled the first Hais-Hamel line to be commissioned in January 
1945. 


Force Pluto were responsbile for laying the line to above low water on each 

shore, and the R. E. and R. A. S. C. then connected the home end with steel 

ipe to the valves and filters provided on the pump delivery lines, and at the 
ar end to a valve manifold. 

Main and group control rooms, with telephone communication between 
themselves, the pump houses, and to the opposite terminal, were provided, 
and had diagrams on their walls on which the control officers could indicate 
by disks on Reus the direction of flow of oil, as well as the pumps and lines 
in use, etc., at any time. 

Reference has been made earlier in the paper to the bursting disks fitted to 
the Hais cable joints to contain water under pressure in the cables while being 
laid and connected. When a line was ready for commissioning, a pump was 
started and the rate of rise of pressure was recorded. At first the rise was 
slow, and when a pressure of 400 Ib. per sq. in. or so was reached, the first disk 
was broken and the pressure was seen to fall inimediately, and then begin 
slowly to rise again. This was repeated at each disk until the arrival of 
liquid was at the farther end reported by direct telephone. 

Each 3-inch line at Dungeness could deliver about 400 tons a day, or 120,000 
gallons, and lines were laid quickly enough to keep ahead of the capacity to 
pump beyond Boulogne. Eventually eleven Hais and six Hais-Hamel lines 
were laid with a capacity of more than 4500 tons, or 1,350,000 a day; 
and 1,000,000 gallons a day were i povees across for many weeks. 

The valve manifold system on the beach at Boulogne, with a tank at beach 
level, provided facilities for test purposes, but the flow was usually taken 
direct through three lines of 6-inch Victaulic-jointed pipe to tanks of 1200 tons 
capacity on the cliff north of Boulogne. e petrol was then pum to 
Calais, Ghent, Antwerp, Eindhoven, and across the Rhine through further 
6-inch Victaulic lines. 
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A duplicate system of lines was being laid right up to ‘‘V. E.’’-Day to pro- 
vide against a possible last desperate submarine attack, and pumping was 
continued until the end of July 1945, to enable all available tankers to be 
diverted to the Far East. 

In the words of the Quartermaster-General, ‘‘ . . . it saved a very large 
tanker peer which was badly needed in the East. Thus Pluto had a 
reaction which extended all over the world”. 

No Hais cable which had been satisfactorily laid and commissioned failed; 
and a recovery operation to clear the beaches has recently shown the cable to 
be in good and usable condition. There is every indication that, like sub- 
marine telephone cables on which it is modelled, it will have a long life. The 
Hamel pipes on the other hand, while more than fulfilling the original estimate 
of six weeks of useful life, did fail successively in 77, 52, 55, 112, 55, and 60 
days. The loss of petrol between tanks at Dungeness and at Boulogne was, 
heavens less than 1.1 per cent for the whole operation, in spite of these 
ailures. 

The Supreme Allied Commander, General Eisenhower, described Pluto in 
his report as “second in daring only to the artificial harbors projects”, and 
wrote, “This provided our main supplies of fuel during the winter and spring 
cam: gn fs 
I hope I have been able to give you some idea of the really remarkable 
co-operation and whole-hearted effort on the part of all the varied interests 
involved, which was necessary to meet the pag oe requirement and to 
enable Pluto to deliver 172,000,000 gallons to the Allied Armies of Liberation 
with certainty and at the daily rate required. 


TORSIONAL VIBRATION STRESS IN SHAFTING. 


In this article, which is an extract from a paper read at the spring meeting 
of the I. N. A. reprinted from ‘‘The British Motor Ship” for May, 1947, tor- 
sional vibration stresses in main propulsion shafting are discussed by S. F. 
Dorey, Chief Engineer Surveyor of Lloyd's. 


PROPELLING MACHINERY. LIMITS OF VIBRATION STRESS FOR 
ConTINUOUS OPERATION. 


Taking the fatigue strength of a 10-inch diameter solid forged crankshaft of 
28-32 ton quality at + Ib. per sq. in., it is considered that the minimum 
factor of safety to allow for additional bending fatigue, imperfect forging 
methods, etc., should be about 1.5. A limiting stress of +3700 Ib. per sq. in. 
has been finally adopted, giving a nominal factor of safety of 3700 = 1.62. 
From considerations of scale effect, increased forging difficulties, etc., the 
limiting stress for a very large shaft, say 20 inches in diameter, has been taken 
as +3000 Ib. persq.in. Scale effect for other shaft sizes is difficult to estimate 
and in the absence of reliable test figures has been assumed to vary linearly 
with diameter, leading to the following simple formula for limiting vibration 
stress under continuous operation :— 


fe = +(4400 — 70 d) Ib. per sq. in. (1) 


where d = shaft diameter in inches. 
_. The above formula is taken as applicable also to screw shafts for the follow- 
ing reasons:— 

(i) Liability to corrosion fatigue due to sea-water action from leaky rubber 
sealing rings, slack or cracked liners, defective oil glands. 

(ii) Stress concentration at propeller keyways and at the top ef the cone 
where a fillet is employed. The latter practice, incidentally, is one 
which the author considers highly undesirable. 

(iii) It has been found that under unfavorable conditions the vibration stress 
required to fracture a screw shaft is of about the same magnitude as 
the lowest stress which will break a crankshaft. 














NOTES. 505 


: ‘Faking the eee strength of a 10-inch diameter ‘irittermediate shaft of 28-32 
ton quality at +8300 Ib. per sq. in., a limiting’stress of about +6100 Ib. pe 
sq. in. has: been adopted, giving a nominal Sacter of safety of 1.35. The 
reduced factor of safety as compared with that of 1.62 allowed for crankshafts 
is considered justified having regard to the negligible bending fatigue stresses in 
intermediate shafting, even under fairly severe conditions of malalignment. 

It was considered that for very large shafts, say, of the order of 20 inches 
diameter, the vibration stress should not exceed +5000 Ib. per sq. in., and 
again assuming a linear relationship for other diameters, the following formula 
has been derived, viz:— 


fe = +(7320 — 116d) lb. per sq. in. (2) 
where d = shaft diameter in inches. 
The recommended limits of vibration stress for thrust shafts for continuous 


operation have been taken as approximately ne to the mean of the values 
applicable to screw shafts and intermediate shafts, respectively, leading to the 


formula :— 
fe = +(6000 — 100 d) Ib. per sq. in. (3) 
where d = shaft diameter in inches. 


LIMITs OF VIBRATION STRESS FOR TRANSIENT CRITICALS. 


In most cases it is possible to arrange the shaft system so that the vibration 
stresses in the vicinity of the service speed are within the limits given above 
for continuous operation.. However, this frequently involves the acceptance 
of important criticals exceeding these limits elsewhere in the speed range. In 
general, it is preferable to place such criticals well above service speed, as is 
sometimes possible for 1 node vibrations in aft end installations, such as 
tankers, by fitting oversize shafting. 

In other cases, however, the critical will occur below normal service speed. 
By a transient critical is meant one which is too great for continuous operation 
and must be negotiated or passed through asrapidly as possible when maneuver+ 
ing. in order to limit the number of cycles. of high stress, imposed on the 
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Owing to the ‘‘spread” of the resonance curve, there will clearly be ranges: 
of speeds above and below the critical which must be avoided for continuous 
running. These are sometimes referred to as ‘‘barred” speed ranges. 

For transient criticals it is necessary to define limits for the following:— 

(a) The maximum value of the transient vibration stress for a given position 

of the critical in the speed range. j 

(b) The corresponding “barred” speed range. 

Clearly it is undesirable that a transient should be located too close to the 
service speed; hence limits have been chosen for the minimum interval between 
the transient and the service speed. At the lower end of the speed range a 
value of 0.27 times service Rpm. is taken as the minimum “tick-over” speed. 
based on large slow-running machinery, such as opposed piston engines. 


TRANSIENT STREss Limits. 


For a 10-inch diameter crankshaft the maximum value of stress due to a 
transient critical occurring at ‘‘tick-over’’ speed, 0.27 times service Rpm., has 
been taken as about 1.5 times the nominal fatigue limit and the limiting 
stresses for transients occurring elsewhere in the speed range have been taken 
as decreasing proportionally down to f, at 0.9 times service Rpm. 


In order to preserve the allowance for size effect, the limiting transient 


vibration stress is expressed in terms of f., thus:— 

fi = +(3.07 — 2.3 r) X f. Ib. per sq. in. (4) 
critical Rpm. 
service Rpm. 
¢ = limiting stress for continuous operation from formula (1). 


where r = , having limiting values of 0.27 and 0.9. 


Sai om 


oa. emai aeR st 


WA ah BA STI REIN AH AE 


Sc PPR SP T= 


Se EE Ade ieee Ty OES 


; 








506 NOTES. 


Typical graphs showing values of f. and f; for shaft diameters of 4 inches and 
18 inches are given in Fig. 1, the respective values being as follows:— 


Diameter (ins.) Se (Ib./in.?) '  fe(at r= 0.27) (Ib./in.*) 
4 4,120 10,000 
18 +3,140 + 7,700 





0 % 


*MAKIMUM VALUE FOR CONTmUOUS OPERATION = Lia 8 
10 —_____—— 
t= MAXIMUM VALUE FOR Teansiiut Ortnation =” SERVICE RP 


Fig. 1.—Torsional vibration stress. 

Crank- and screw shafts. Typical 

graphs giving values for 4-in. and 
18-in. dia. shafts. 


For intermediate shafts a similar basis has been adopted, i.e., f; is expressed 
in terms of f., but in this case between limits for r of 0.27 and 0.75 to allow 
for the greater “spread” of transient criticals having higher limiting values 
than in the case of crankshafts and screw shafts. 

For a 10-inch diameter shaft at r = 0.27 a limiting stress of +12,300 Ib. per 
sq. in. has been adopted, again approximately 1.5 times the nominal fatigue 
limit as in the case of crankshafts. 

The corresponding formula for limiting transient vibration stress is:— 

fi = 4+(2.56 — 2.08 r) X f. Ib. per sq. in. (5) 
critical Rpm. 
service Rpm. 
fe = limiting stress for continouus operation from formula (2). 


Typical graphs showing values of f. and f; for shaft diameters of 4 inches 
and 18 inches are given in Fig. 2, the respective values being as follows:— 


where r = ratio , having limiting values of 0.27 and 0.75. 


Diameter (ins.) fe (tb./in.) St (at ry = 0.27) (Ib./in.%) 
4 +6,860 +13,700 
18 +5,230 +10,450 


The variation in the limits for transient stresses for thrust shafts has been 
taken on a similar basis, the formula being as follows:— 


fr = &(2.7 — 2.07 r) X fe Ib. per sq. in. (6) 


where f, = limiting stress for continuous operation from formula (3), 
and r has limiting values of 0.27 and 0.82. 


Typical graphs showing values of f, and f; for shaft diameters of 4 inches 
and 18 inches are given in Fig. 3, the respective values being as follows:— 
Diameter (ins.) fe (Ib./in.*) fe{at r = 0.27) (Ib./in.?) 
4 +5,600 12,000 
18 4,200 + 9,000 
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rT) 
SeoMAXINUM VALUE FOR CONTINUOUS OPERATION ip nee 
J to MAXIMUM VALUE FOR TRANSIENT OPERATION wane Take RDM. 


Fig. 2.—Typical graphs giving values 
for 4-in. and 18-in. dia. intermediate 
shafts. 
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Fe™ aaxinnun VAWE FOR CORTUOS OPERATION posans te 


7 VS MAXIGUM VALUE FOR TRANSIENT OPERATION 


Fig. 3.—Typical graphs giving values 
for 4-in, and 18-in. dia, thrust shafts. 
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It frequently occurs that a severe critical speed, usually a lower order major, 
cannot be raised sufficiently above the service Rpm. without excessive stiffen- 
ing of line shafting, or, in the case of 2-node criticals, without undue reduction 
in flywheel moment of inertia. In such cases, — tos surges when 
racing in a seaway, the shafting may be subjected to forced vibration of con- 
siderable magnitude, or even to resonant vibration if the position of the 
critical is unduly close to the service Rpm. 

Since such conditions are intermittent in character, it is thought legitimate 
to deal with the recommended limits for increase of stress above service Rpm. 
under the heading of transient stresses. 

Earlier practice at Lloyd’s p eperer was to recommend, wherever possible, 
that the critical should be p' not lower than 1.3 times the service Rpm. 
This was a desideratum not always attainable, and having regard to the 
successful service experience of a number of firms, in particular one well-known 
builder of opposed piston engines, it is considered that with modern well- 
governed engines it is sufficient to recommend that at a speed equal to 1.16 
times the service Rpm. the stress should not increase to more than 33% per 
cent greater than the limiting stress f, for continuous running, and propor- 
tionally less at speeds below 1.16 times the service Rpm. 

The appropriate formula is applicable to all shafts and is expressed as 


f= £5 (6.28 x — $.25) Xf, Ib, per sa. in. (7) 
where 
f = maximum value of vibration stress at revolutions N, above service 
Rpm., N,. 
fe = reac a limiting stress for continuous operation from formulae (1), 


It will be noted this formula takes account also of flank stresses and whilst 
not specifically limiting the position of a critical, has the effect that strong 
criticals are required to be placed farther above service speed than weaker ones. 

Where it can be demonstrated that governing is specially close, some reduc- 
tion might be considered in the above recommended limits. 


“BARRED” SPEED RANGES. 


As already explained, a “‘barred’’ speed range is a range of revolutions in 
way of a transient critical which must not be used for continuous running. It 
is most important that for such criticals the operating engineers should be 
warned by means of a notice board at the control station stating that the 
engines are not to be run continuously between the appropriate speed limits 
and that the tachometer be marked correspondinly. The ee should 
also be instructed to accelerate through the critical range as rapidly as possible. 
The author considers this a matter of such importance that he would like to 
see fitted, in addition to the above, some other aural and visual warning, such 
as a buzzer and a red lamp, designed to operate automatically when the 
vibration amplitude exceeds a predetermined limit. It is thought that an 
adaptation of the seismic torsiograph could provide a simple means of con- 
trolling such safety devices. ' 

In a given installation the “‘barred’’ speed range required to ensure that a 
transient critical may be safely negotiated depends on the magnitude of the 


forcing torque, or strictly on the product Tn Z Bn, where Tx is the value of the 


nth order harmonic forcing torque and 2 Bx is the nth order vector summation 
of the relative amplitudes at the engine cylinders from the normal elastic 
curve. Since the itude of the transient vibration stresses also depends 
on this product and the recommended limits for these stresses increase as the 
position of the critical falls in the speed range, it is considered reasonable that 
the extent of the “barred” speed range, expressed as a fraction of the critical 
speed, should also increase. Where, however, the severity of a transient 
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critical is less than the limiting value, an appropriate reduction in ‘“‘barred”’ 
speed range could be considered. 

Any limits recommended should also allow a margin over and above the 
minimum, to cover the possibility of tachometer errors and, in particular, 
unavoidable speed surges in a seaway. 

The recommended “barred” speed ranges for the 1-node mode of vibration 
are expressed as follows:— 

Speed range to be avoided is from 


16N,. . (18—1) Ne 
isa)? 86 





inclusive (8) 


where 
N,. = critical Rpm. 
._ critical Rpm. 
r = ratio —.—_>—— 
service Rpm. 


The formulae give the following variations in speed range, expressed as an 
average percentage of N.:— 


Screw Intermediate Thrust 
r = 0.27 r=0.9 r = 0.75 r = 0.82 
+10.3 +6.7 +7.5 +7.1 


For 2-node criticals a constant value of +5 per cent is considered appro- 
priate, having wanes to the lower values of Tn2Bn, for these criticals, which 
are sharper tuned, i.e., have less ‘‘spread’’ on account of the lower values of 
the harmonic torques for the higher orders applicable to 2-node vibration. 


AUXILIARY MACHINERY Stress Lruits FOR CONTINUOUS OPERATION. 


An aemgitan? generating set is, for all practical purposes, a constant-speed 
machine, the fluctuations from the rated revolutions being governor controlled 
within fairly fine limits on sudden application or rem of load. The maxi- 
mum temporary speed variation is usually of the order of 5 to 7 cent, and 
the permanent variation may be from 3 to 4 per cent of the rated revolutions. 
However, in order to allow for errors in the calculation of natural frequencies, 
tachometer errors, etc., it is considered desirable to ensure that a s range 
of about 10 per cent on either side of the full load revolutions should be clear 
of vibration stresses above a certain limiting value. 


It is therefore recommended that within speed limits of Ne and 1.1 N,, N, 


being the full load Rpm., the vibration stresses should not exceed the following 
values, viz.:— 


fe = +(5000 — 100d) Ib. per sq. in. (9) 


where d = shaft diameter in inches. 


-Limits FOR TRANSIENT CRITICALS. 


Since the number of passages through a transient critical is considerably 
less in the case of auxiliary engines than in the case of main engines, it is con- 
sidered reasonable to adopt rather higher stress limits than recommended for 
main engine crankshafts. , 

The recommended stress limits are given by the following formula, viz.:— 


fe = +(15,000 — 250 d) Ib. per sq. in. (10) 


where d = shaft diameter in inches. 
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The stress values are slightly greater than those applicable to transients in 
intermediate propelling shafts for a value of r = 0.27. 

For a 6-inch diameter shaft the above formula gives.a stress of +13,500 Ib. 
per sq. in. as com with +13,240 lb. per sq. in. for a 6-inch diameter 
intermediate shaft for r = 0.27. 

It may be of interest to quote here the results of an important test recentl 
carried out in co-operation with Messrs. W. H. Allen, Sons and Co., Ltd., of Bed- 
ford (to whose courtesy the Society is indebted for the facilities granted). One of 
this firm’s eight-cylinder engines, having a solid forged crankshaft 54 inches 
(140 mm.) in diameter, with a ratio of shaft diameter to fillet radius of 17.5, was 
run continuously on the 4th order major transient critical until failure oc- 
curred. The measured stress at the critical was +15,000 Ib. per sq. in. in the 
crankshaft, which was of 30-35-ton quality steel. After 7s,000 cycles a 
definite change of natural frequency was observed and this number of reversals 
was taken to indicate initiation of failure. After a further 75,000 cycles, the 
engine was —— up and examination of the shaft revealed cracks in the 
fillet radii. The test was then continued for a further 150,000 reversals 
before bearing failure due to shaft deformation terminated the test, the total 
number of cycles being 300,000. 

On the conservative basis of a life of 75,000 cycles and assuming one start 
and stop per week, with an average of, say, 40 cycles of high stress per start 
and stop (this was actually measured at 35 cycles per start and stop), then 
the estimated life of crankshaft is given by 


75,000 
40 X 52 
It would thus appear that the recommended limits for transient vibration 


stresses may lie on the safe side, where care is taken in design and attention 
paid to surface finish and easing of stress raisers. 
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VIBRATION DAMPERS. 


For both main and auxiliary engines it is recommended that dampers be 
fitted where transient vibration stresses would otherwise exceed the recom- 
mended limits, and that torsiograph records be taken to verify the correct 
pa nye of the damper. 

he author would emphasize this latter point, since in a number of cases it 
has been found by actual measurement that the damper was entirely ineffective, 
and, in some instances, of inadequate size. 

Having regard to the difficulty of maintaining the correct adjustment of 
dampers in service, the author is of the opinion that, in general, they should 
be fitted to deal with transient stresses rather than for continuous operation 
in the vicinity of the service s ly 

In some cases it has been found that tachometers have shown errors up to 
5 per cent.: Where transient criticals require to be avoided, it is therefore 
recommended that the tachometer should be checked against the counter 
readings to verify that the tachometer reads. correct within +2 per cent of the 
true speed in way of the restricted range of revolutions. 


PROPELLERS. 


In the smaller class of vessel, such as coasters, colliers, etc., it is common 
practice to fit a trial propeller of cast iron, which is later replaced by one of 
manganese bronze after an analysisof the trial or initial service performance 
has coh sais From the point of view of the shipowner, this is obviously 
an economy, but, unfortunately, in some cases the moment of inertia of the 
bronze propeller may differ appreciably from that of the trial cast-iron ‘one. 
Occasionally this has had the effect of bringing a major critical uncomfortably 
close to the service Rpm. 

It is therefore recommended that designers should bear this in mind when 
making the critical speed calculations. 
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The author would like to suggest also that where the calculated position of 
a critical is only just sufficiently far removed from the service Rpm., it is good 
practice to “‘swing’’ the propeller in the shop as an experimental check on its 
calculated moment of inertia. 

Most modern oil engines are fitted with governors capable of controlling 
speed surges to within : per cent when racing. Some confusion recently arose 
when it was stated that the governors in a certain trawler installation would 
be set to cut off fuel at certain specified revolutions. It is hardly necessary 
to point out that what really matters is not the s at which the governor 
cuts off fuel, but rather, the maximum speed which the engines can reach 
under governor control when the load is suddenly thrown off, as when the 
propeller lifts during racing. 


CRANKSHAFT FILLET RADII AND Or HOLE DIAMETERS. 


In all cases fillet radii and oil hole diameters should be maintained as large 
as practicable. 
For crankshafts of normal 28-32-ton quality recommended limits are as 
follows:— 
Ratio crankshats din ase! should not exceed a value of 20. 
fillet radius 
crankshaft diameter 


oil hole diameter 





Ratio should not exceed a value of 20. 





Where higher tensile or alloy steels are employed, these ratios should 
preferably be further reduced. 

The endeavor of Lloyd’s Register of Shipping is to ensure that every marine 
installation is reasonably secure from danger of shaft failures, whether resulting 
from torsional vibration or from other causes, and this, the author confidently 
believes, is an aim which must be shared by those builders and owners who 
take the long view, namely, to secure the continued competitive position of 
the heavy-oil engine in the marine field. It is for this reason that the author 
wishes to obtain from industry the fullest possible criticism and discussion on 
the proposed basis of torsional vibration stress limits now placed before this 
Institution. . 


AN UNUSUAL BOILER MISHAP. 


This article by C. E. Hall is reprinted from the Transactions of the 
Inst. of Marine Engineers for March, 1947. It describes a boiler fire in 
which the tube bank burned out almost completely. The German cruiser 
Pring Eugen had a similar fire in one of her La Mont boilers. 


An unusual accident occurred recently to one of the Babcock and Wilcox 
boilers of a vessel trading in Australian waters. It would appear from the 
available evidence that the boiler became short of water; and, as a result, 
when the accident had run its course, all that remained of a large portion 
of the water tubes was a heap of slag and molten metal lying on the 
grates. Most of the air-heater tubes and some of the superheater tubes 
were also burned out, but the casings and uptake were little damaged and 
fortunately there was no doss of life. 


The vessel had just been moored. at the time of the mishap, and the 
boiler which subsequently burned out had been retained under natural 
draught to work auxiliaries. The first intimation that things were going 
wrong was a dimming of the electric lights, whereupon the fireman on 
watch shook up the fires and added more coal. Soon afterwards one of 
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the engineers tested the water gauges and, as he was not satisfied, called 
the chief engineer, who decided to shut down the boiler. 

To. cool the fires as quickly as possible, a hose was directed on to the 
coal on the grates, and when the fires were extinguished the only noticeable 
i sign of damage was a trickle of water running down from the tubes. 
Almost immediately after this, an explosion occurred inside the casing 
and flames shot out of the furnace doors across the stokehold. These 
lasted for several minutes and then a crash was heard, whereupon the rush 
of flame into the stokehold ceased and appeared to reverse and pass up- 
wards to the funnel, This was accompanied by a roaring noise from inside 
the casing through the chinks of which glimpses of fierce flames could be 
seen. It was thought that this was due to accumulations of soot burning 
and it was expected that the flames would soon subside. 

After about half an hour however, the combustion appeared to have 
become more. intense and molten metal was observed dropping on the 
grates. As the uptakes were becoming red hot a hose was turned on them 
and as this had little effect, the hose was directed through a door in the 
uptake. The fire then gradually subsided and eventually died down _alto- 
pei me although the interior of the boiler remained hot for a considerable 
period, e 
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Arrangement of boiler. 


When examined externally after the mishap, the boiler appeared to have 
suffered little damage. The outer casings were intact although the uptake 
was warped. It was not possible to see into the furnaces as the furnace 
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doors were blocked by a mass of slag and molten metal. A side door in 


the upper part of the boiler casing allowed an examination to be made of 


the interior and from this position it could be seen that most of the water- 
tubes had disappeared. All that remained were the lower row, that portion 
of the tubes enclosed in the back gas passage, and stumps, some six inches 
long, sticking out of the front header. The lower halves of the return 
tubes had been burned away for a length of two feet adjacent to the 
steam drum and in line with the uptake. The superheater, which was 
situated above the return tubes, had also been damaged, a number of 
tubes immediately above the burned-out water tubes having been burned 
or melted away, and most of the tubes in the airheater in the uptake were 
similarly affected. Although the steam drum was intact it was subsequently 
decided to renew it, in view of the intense local heat to which it had been 
subjected. 


Although the evidence available is conflicting, there is little doubt that 
the initial cause of the mishap was shortage of water. Subsequent events 
and the course of the accident presented at the time many puzzling 
features. An article published recently in Shipbuilding and Shipping 
Record throws a great deal of light on the attendant phenomena and 
permits a reasonable and coherent explanation to be given. This article, 
which deals with the findings of a Naval Court Enquiry held to determine 
the cause of a somewhat similar accident which happened to the boiler of 
a destroyer, states inter alia:— 


“It is well known to chemists that iron is liable to burn in steam with 
the production of free hydrogen. Ignition takes place at about 700° C., 
and the reaction will cease if the substances involved are cooled below 
this temperature, which is a low red heat. While iron will continue to 
burn in steam independently of any supply of oxygen from the air, the 
hydrogen produced by the reaction will burn on coming into contact with 
the air if the temperature is high enough to cause ignition. There may, 
therefore, be two types of fire burning simultaneously, the one in steam 
and the other in air. Any smothering attempt would probably result in 
extinguishing the hydrogen-in-air fire, while the other continued burn- 
ing; a hydrogen concentration would build up and an explosion might 
result. The oxidation of iron in steam with the liberation of hydrogen 
occurs every time a boiler or a single tube becomes overheated, and not 
only if the O.F. sprayers are kept on. Indeed, loss of vacuum due to the 
released hydrogen passing over to the turbines is often the first indica- 
tion of shortage of water in a boiler. The reaction starts at the bore of 
a tube before the burst occurs, and although the subsequent outrush of 
water cools the overheated tube below the ignition temperature and 
washes away the scale in the vicinity of the burst, black scale will 
always be found in the bore a short distance away on either side of the 
burst. If the source of heat is not removed and the supply of feed water 
is not maintained, the reaction will start up again. This reaction, which 
is the basis of Lane’s process of hydrogen production, can be expressed 
in the formula: 3FE—4H,O=Fe,0,—4H,, (Fe,O,) being the black 
oxide of iron sometimes known as ferrosic oxide. The reaction is 
exothermic, i.e. it produces heat and is self-sustained until such time 
as: (a) the temperature is reduced below 700° C., or (b) all the iron is 
oxidized, or (c) the steam supply is reduced. By this reaction, 168 Ib. 
of iron, treated with the steam produced by 72 Ib. of water, will liberate 
8 Ib. of hydrogen. At atmospheric temperature 8 Ib. of hydro would 
fill a balloon 14 ft. in diameter. Steam can be dissociated into hydrogen and 
oxygen by heat alone, but only 0.0007 per cent is dissociated at 1124° C. 
(2050° F.) and 11 per cent at 2656° C. (over 4000° F.) so it is clear that 
thermal dissociation was not the cause of the above fire”. 
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With these data it is possible to give a fairly satisfactory account of the 
phenomena observed in the boiler now under consideration, bearing in 
mind the fact that most of the events took place inside the boiler casing 
and the little that was visible was seen by one observer under very dis- 
turbing conditions. 
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After the mishap 


Those who were present when the accident occurred were agreed that 
there had been no signs of escaping steam immediately before the accident, 
such as would be made by a tube bursting and causing a sudden lowering 
of the water level. The first relevant observation was the dimming of 
lights which, as suggested in the above report, may have been due to 
h ais 2a passing over from overheated tubes and causing the dynamo to 
poe own. If that be the case, then the shortage of water must have been 
existent for some time before the fires were finally extinguished. The fact 
that the lower row of tubes remained intact seems to show that some water 
still remained in them at the end of the accident. How much water was 
evaporated during the course of the accident is conjectural. Taking into 
account all the relevant factors both before and after the accident, it may 
be taken as a reasonable assumption that the tubes in the lower half of 
the tube nest contained water while the upper ones had been dry for a 
period and had become red hot by the time the fires were quenched. 
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From the article cited above, it is clear that under such ‘circumstances 
the steam inside the boiler would attack the inside surfaces of the tubes, 
causing an exothermic reaction accompanied by a rise in temperature. 
At the same time the outside of some of the tubes would be subject to a 
similar attack, where conditions were favorable, by the steam rising from 
the quenching of the fires. 


The proviso “where conditions -were favorable” raises an interesting 
point. In some experiments carried out after the accident it was observed 
that steam at 212° F. would cool red-hot iron, and it was necessary to 
heat strongly the steam to bring about an apparent reaction. While it is 
difficult to give a figure for the temperature of the steam evolved during 
the quenching of the fires, it is evident that this steam would be highly 
heated in rising through the red hot tubes in the back gas passage and in 
passing through the tubes in the middle gas passage. The heating of the 
steam would be accompanied by a corresponding cooling of the tubes in 
the back passage, and may account for the fact that these tubes remained 
intact. It therefore seems probable that the destruction of the water tubes 
started somewhere in the middle of the front gas passages, where condi- 
tions would be favorable to external as well as internal attack. Eventual 
rupture of one or more tubes would. be caused by thinning of the tube 
walls and/or weakening due to overheating, causing the tubes to fail under 
even a slight internal pressure. The bursting of a tube or of several tubes 
in the center of a red-hot tube bundle, followed by a release of pent up 
byscogen from inside the tube, makes the final destruction easy to under- 
stand. 


In the conditions prevailing at the time there appear to be three forms of 
reaction which could have been taking place, individually in some places 
and simultaneously in others. These reactions would be (1) the burning 
of the released hydrogen in air, (2) the reaction between the iron and 
steam, and (3) the burning of iron in air. 


In view of the large amount of heat released by the hydrogen plus 
oxygen reaction, it is likely that this was the cause of most of the sub- 
sequent damage. It is probable that the hydrogen which escaped when the 
tubes first failed, mixed with the air outside the tubes and caused the 
initial explosion which was observed. Such water as remained in the lower 
tubes would be rapidly evaporated and, passing through the remains of the 
red-hot tubes, would maintain the iron-steam reaction and release more 
hydrogen. There can be little doubt that it was this hydrogen generated 
from the escaping steam which gave rise to the fierce flames which shot 
out from the furnace doors. No doubt similar flames were passing up- 
| acing to the funnel but these would not be noticed from the stokehold 

oor. 


The peculiarities of the iron-steam reaction have been made clear in 
the Shipbuilding and Shipping Record report quoted above, and the condi- 
tions for this reaction would become more favorable as long as the 
hydrogen-air reaction continued. Once the tubes had given way and 
started to melt, fresh red-hot surfaces would be exposed to the action of 
steam, increasing the fierceness of the reaction and thereby causing a 
further temperature rise. 


In the circumstances prevailing, the possibility of the iron of the tubes 
burning in air must not be overlooked. The heat. evolved is not very great 
but the heat lost would be small. 


Normally, one does not consider that iron is combustible. Of course it 
can be burned in the abnormal conditions obtained with an oxy-acetylene 
torch and, as is equally well known, an overheated. rivet will burn in air, 
though the action soon stops because the heat evolved in such an iron-air 
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reaction does not equal the radiation losses and also, the reaction is quickly 
smothered by the formation of scale. ; 

In the center of the nest of tubes there would be little loss of: heat 
through radiation. The area of combustion was surrounded by red-hot 
tubes, the incoming air was highly heated by a rain of molten metal, and 
the melting tubes would be continuously exposing fresh molten-metal 
surfaces. All these factors indicate that part of the damage was probably 
caused by the iron-oxygen reaction, _ 

These three actions would account for all the damage done to the various 
tubes in the boiler. The water tubes apparently failed first through the 
initial effect of the iron-steam reaction and were further burned and 
melted by the hydrogen-air reaction as well as by the iron-air reaction. 
There would be little steam in the superheater tubes, and as the damaged 
superheater tubes were confined to the bundle immediately over the place 
where the first tubes failed, it is probable that they were melted by the 
initial hydrogen-air flames, possibly accompained by some burning of 
iron in air. This would also account for the melting and partial burning 
of the air-heater tubes. Just how much damage was caused by the burning 
and how much by melting, it is impossible to say, and little attempt has 
here been made to distinguish the two effects. 

While this conflagration was proceeding, a crash was heard and the 
flames ceased to issue from the fire doors and appeared to reverse and 
pass upwards towards the funnel. It is thought that this crash may have 
been caused by the superheater damper falling and the fire brick baffle over 
the front part of the lower tubes collapsing. 

It seems likely that the front vertical baffle failed about this time, pro- 
viding a clear passage to the uptakes and, for a period, the fire apparently 
increased in intensity under the influence of the various factors already 
discussed. 

But the water remaining inside the tubes was steadily diminishing and 
the production of steam and hydrogen decreasing. When eventually a hose 
was directed inside the uptake, the stream of cold water, having a clear 
run down to the center of the fire, was sufficient to reduce the temperature 
below that necessary to maintain combustion. 


In view of the extraordinary nature of this mishap, many hypotheses 
were examined before deciding that the process outlined above offered the 
most feasible explanation, conformable with observed events and with the 
final state of the boiler. The reactions involved are far from everyday 
processes; the necessary conditions are critical and depend on a nice’ bal- 
ance of heat evolution and radiation, There are still points which are far 
from clear. It is a matter for wonder, for example, that the sides of the 
casing were not blown out in the first place, but when all the factors are 
considered it can only be said that it did not happen that way. 


It is probable that data gathered from other mishaps of a like kind 
which have not yet been published, will affirm or refute some of the pro- 
cesses Yeh set forth and shed further light on the phenomena which 
occurre 


BALL AND ROLLER BEARING SEALS. 


In this article by E. P. Stahl of Garlock Packing Co., and reprinted from 
“Product Engineering” for April 1947, designs of common types of oil and 
grease seals for excluding foreign material from ball and roller bearings 
are shown. Proper application of different types of seals are discussed. 
save pee arrangements for industrial and automotive equipment aré 
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Oil and grease seals in ball, roller and needle bearings must serve not 
only as lubricant retainers but also as excluders of foreign material. 
Properly designed bearing seals insure maximum protection of the bearing 
from the action of the grit, sand, mud and water that are prime causes 
of early bearing failure. Some of the simplest types of oil and grease seals 
designed to exclude foreign materials are shown in Fig. 1. Each type has 
a distinct field of application. 

The “felt seal” or “combination felt type seal” is one of the most com- 
monly used combination seals. It has a felt washer on the exposed face 
of the seal mounted in combination with a spring-loaded composition or 
leather sealing member. This seal has been used successfuly in auto- 
mobile, truck, tractor and trailer wheels and automobile transmissions. 

The “dual type combination seal” is used both for lubricant retention 
and dirt exclusion in steel mill and general industrial equipment exposed 
to excessive quantities of foreign matter. This seal construction incorpo- 
rates an auxiliary sealing member or wiper ring that acts in conjunction 
with the primary spring-loaded sealing member. 

In the “double type” or “double flange opposed type” seal, the sealing 
members are mounted in a single metal case in reverse tandem. One mem- 
ber retains the lubricant in the bearing and the other excludes foreign 
matter. To reduce seal friction and wear, lubrication between the sealing 
members is provided by drilling holes centrally in the outer periphery of 
the metal seal case. This type of seal has been used extensively in steel 
mill and general industrial equipment. Where space is available, two 
single seals mounted in reverse tandem with metal spacer buttons between 
them are now used more generally than the “double flange opposed type.” 

In the “special reversed element seal,” in which the sealing member is 
mounted in the reverse position in the metal seal case, a small clearance 
between the metal case and the shaft diameter is used as an extra safety 
measure. These seals are used in appiications such as ash conveyors in 
stokers and center propeller shaft steadying bearings on trucks where 
considerable dirt and abrasive are present. 

The “external” oil seal or grease retainer is usually fitted on the shaft 
collar and operates in the ground or machined bore of the housing, just 
the reverse of the conventional shaft type seal. It is used in applications 
where a press fit on the outside diameter is undesirable or impossible, 
as in designs in which the axle spindle or shaft is stationary and the hous- 
ing revolves and removability of the latter over the bearing is necessary. 
This seal has been used in aircraft landing wheels, trailer wheels and 
tractor sprockets and, in small sizes, for certain reciprocating applications. 

Unit or mechanical oil or grease seals with composition or leather seal- 
ing members are delicate precision units developed primarily for fluid 
sealing on highly finished shafts. The primary sealing member, spring 
loaded, should be protected by a felt, leather or composition wiper as an 
auxiliary unit whenever harsh abrasives are present. A metal baffle plate or 
metal slinger may be used as a supplementary protective member when 
unusual conditions are encountered. 

Space limitations and considerations of design sometimes prevent the 
use of special seals or special wide seal combinations. In applications of 
this kind a single conventional type seal mounted with the sealing lip 
pointed outward toward the atmosphere is used. Thus mounted, the seal 
helps keep out dirt and water. The slight escape of lubricant past the 
seal keeps foreign matter out of the bearing. The lubricant also lubricates 
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the seal and reduces seal and shaft wear. Fig. 2 shows a typical applica- 
tion of such an arrangement in a screw type conveyor of a domestic stoker. 








Fig. 2—Installation of conventional seals in screw conveyor of coal stoker. 


Sree, Mitt anv INDUSTRIAL APPLICATIONS. 


In steel mill roll neck bearings, oil contamination and oil leakage through 
imperfect oil seals must be prevented. Oil contamination by certain roll 
coolants has been known to dilute the oil and cause bearing failure. It is 
sometimes necessary to renew whole systems of bearing’ oil because of oil 
dilution. 

A satisfactory oil seal design for roll peck bearings us using both com- 
position and leather oil seals is shown in Fig. 3. Two mechanical unit oil 
seals are mounted in tandem with the sealing lips ted outward to 
exclude water, dirt and mill scale. Spacer buttons welded to the seal cases 
are used between the oil seals so that lubricant can be introduced between 
them. A slight amount of the lubricant leaks out and lubricates the seal 
and at the same time helps to keep out foreign matter. 

Submerged bearings for electrotinning lines in steel ~— Oe always 


been more or less of a “headache” to design mill operators. 
Roll slippage, scratched sheets, scored fatdly sot ben 3 _ high 
maintenance costs for journal bearing repairs and roll. ing were 


always encountered with plain sleeve type bearings of the water lubricated 


type. 

In plain sleeve type bearings on Bonderizing rolls, abrasive sludge scored 
both the journals and the bearings. This sludge also built up‘ on the roll 
body to form a hard, smooth coating that reduced the frictional grip 
between the roll and the sheet and resulted in long shut down periods for 
journal and roll repairs. 

To overcome these difficulties the “submerged counter pressure — 
shown in Fig. 4 was designed. Two needle type roller 
in a self- Faces bearing housing or sleeve carry the radial aere of = 
Bonderizing rolls. Two mechanical unit oil seals mounted in reverse 
tandem are applied to this bearing housing at the inner end adjacent to the 
roll head. The inner seal lip faces away from the bearing the outer 
seal lip faces toward the bearing to form an ait’pocket. An air pipe admits 
air at a pressure higher than the pressure of the liquid in the | Bonderizing 
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tank. This air pressure, of 5 to 25 Ib. per sq. in., causes the lips of the 
synthetic rubber oil seals to hug the shaft and spread as the pressure is 
increased. The outer seal keeps the liquid out of the bearing and the inner 
seal acts as extra protection if the air pressure should fail or the air pipe 
break. The bearings are lubricated through the pipe at the outside end of 
the bearing housing as indicated. : 

The “submerged counter pressure bearings” on the rolls of electrotinning 
lines have proven very successful. Full line speeds have been main 
for a period of six months or more with practically no maintenance costs 
whereas with the old sleeve type bearings it became unprofitable to run at 
the end of three days. 

It is believed that these “counter pressure bearings” can also be used 
advantageously on cleaning lines and pickling lines in steel mills, Their 
use may be extended to certain textile, marme and steel mill roll neck 
applications where the exclusion of liquids and foreign matter from bear- 
ings is important. 


Om SEALS FOR VEHICLES, 


Two of the most troublesome oil and grease seal exclusion applications 
in military vehicles are in the track links and in the bogey wheels in 
crawler type vehicles such as gun mounts, tractors and half-tracks. The 
bearing and seal arrangement used by the Germans in the links of their 
¥% ton tractors and half-tracks is shown in Fig. 5. The superior per- 
formance of these tractors and half-tracks is attri to the links, which 
are equipped with needle roller bearings. The needle bearings in these 
units are sealed with Perbunan synthetic rubber seals mounted with the 
sealing lips pointed outward to exclude grit, sand, mud and water. 
According to captured German crews these links were never lubricated in 
the field since the factory lubricant was adequate. 

. The bearing and seal arrangement shown in Fig. 6, which was used for 
the bogey wheel of the famous “Water Buffalo”’—an amphibious tractor 
used by the U. S. Army and Navy, was highly satisfactory. Ball i 
are mounted in combination with tandem syrthetic rubber seals with the 
sealing lips pointed outward toward the atmosphere. The spring-loaded 
piston with leather washers in the bogey wheel gudgeon or axle helps keep 
out water. When packed with grease, the pistons push grease past the 
seals, The escape of grease not only helps to exclude water, sand and mud 
‘from the bearings but also lubricates the seals and reduces seal wear. 

A bearing and seal arrangement used successfully on the bevel pinion 
shaft on automotive rear axles is shown in Fig. 7. The housing is sealed 
with a spring-loaded, leather or composition cubhes seal. 

The greater portion of the grease in the grease chamber remains static 
and is not agitated or churned by the rotating shaft or coupling. However, 
a small part of the grease will rotate with the shaft thus channeling a 
Jabyrinthian passage. Any foreign matter passing through the spring- 
loaded housing seal is trapped in the grease contained in this chamber. 

A cross-sectional view of a bearing and seal arrangement used on the 

‘rotors of a magnetic separator is shown in Fig. 8. Two single unit 
mechanical seals, mounted on each side of the self-aligning price ag wing 
‘have provision for injecting grease between them, These machines le 
abrasive sand and are greased only weekly. Some of them have been in 
‘operation eleven years without any necessity for replacement of the bear- 
ings or seals, 
' A special composition seal applied to a self-aligning roller bearing is 
shown in Fig. 9. This seal, which takes care of maximum misalignment, 
is designed to contact a spherical shaft collar at a tangent and has been 
very effective as a dirt and water “excluder.” 
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A sectional view of a bearing and seal arrangement in the guide roll of 
a road roller is shown in Fig. 10. The seal is mounted with the sealing lip 
pointed outward to exclude dirt and water. Any slight escape of grease 
under the heel of the seal not only helps to exclude foreign matter from 
the bearing but also lubricates the wear washer. 

A composition rubber detachable seal for a sealed ball bearing used 
extensively in aircraft controls is shown in Fig. 11(A). This seal consists 
of a synthetic rubber disk held in the outer bearing ring with a split metal 
retaining ring. This seal, which operates on the “air cleaner” principle, 
has proven effective both for excluding dirt and water and for retaining 
the lubricant in the bearing. 

The non-detachable seal shown in Fig. 11(B) has been used with good 
success for a number of years in the rear wheels of several popular makes 
of automobiles. It consists of a felt faced rubbing seal carried in a metal 
slinger attached to the inner bearing ring between the annular opening 
formed by two sheet metal parts fastened to the outer bearing ring. 

In the past years much stress was placed on seals for sealed ball bear- 
ings as lubricant retainers. Recently it has been found that often the 
exclusion of dirt and water is far more important than the retention of 
grease. A small amount of grease can leak out and still leave enough to 
take care of the bearing for a long time. 

The author is indebted to the following firms for contributions of 
material for this paper: The Timken Roller Bearing Company, Canton, 
Ohio; The Fafnir Bearing Co., New Britain, Conn.; New Departure Div., 
General Motors Corp., Bristol, Conn. ; Navy Department (Bureau of 
Ships), Washington, D, C.; W. . Hurtt, ’ Pittsburgh, Pa., Chicago Rawhide 
Mfg. Company, Chicago, Illinois; Marlin-Rockwell Corp., Jamestown, 
N. Y.; SKF Industries, Inc., Philadelphia, Pa. 


NOTES ON LIGHT FLEET AIRCRAFT CARRIERS. 


This article by R. V. B, Blackman is reprinted from “The Marine 
Engineer” for March, 1947, and gives brief details of the propelling 
machinery of the British Carrier Colossus and other vessels. 


During the course of several visits to four of the new light fleet air- 
craft carriers of the Colossus class I have been able to form a picture of 
the design of this unusual and unorthodox type of warship which will 
probably interest many marine engineers. The name ship herself, the 
Colossus, has been transferred to the French Navy for five years, it may 
be recalled. 

The Colossus class of fleet aircraft carriers are. much smaller and con- 
siderably slower than the normal fleet aircraft carriers which preceded 
them, having been. conceived in emergency for a special purpose and 
regarded as a semi-expendable task force. They seem to have been in- 
spired by the success of the makeshift escort or assault aircraft carriers 
converted from mercantile hulls in 1941-42; they were the smallest and 
cheapest aircraft carriers it was possible to build and the most economical 
to operate, being capable of the triple functions of fleet, assault and escort 
work, Risks could be taken with these light fleet aircraft carriers which 
would not have been justified in the case of the normal larger and faster 
fleet carriers, 

In their design merchant ship practice was followed where simplicity 
in construction and the use of available material and labor resources would 
facilitate rapid production. 

The propelling Lace Be is of straight forward type and contained in 
only two spaces, instead upwards of four compartments, as is the case 


in other warships of comparable dimensions. 
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The two machinery spaces are designed on the unit system, each being 
self-contained, the four Admiralty three-drum boilers and two sets of 
Parsons type geared turbines being arranged en echelon, with a pair of 
boilers and a set of turbines, with all its auxiliaries, in each space. 


The open-front 10,000 to 12,000 Hp. boilers, each with five oil burners, 
sprayers, have a working pressure of 400 Ib. per sq, in., the safety valves 
lifting at 405 Ib. per sq. in. Melesco superheaters give a maximum steam 
temperature of 700 deg. F. Using special Navy boiler compound a boiler 
clean need be undertaken only every six months intead of the usual two 
months. 


The arrangement of the machinery spaces is interesting. They give an 
impression of simplicity and of space having been used to the best possible 
advantage; the novel (to the Royal Navy) practice of mounting the 
boilers and turbines side by side is convenient and tidy. Despite the opera- 
tional convenience, there is no reduction in numbers or rank of personnel, 
just as many ratings being on watch together as there would have been 
with separate boiler and engine rooms. r 


Macuinery Space Layout. 


Taking the forward machinery space, which is the controlling engine- 
room, the two boilers are off the center line of the ship, slightly to port, 
facing each other, with two oil fuel pumps on the port side of the boiler 
footplates and the main and auxiliary feed pumps on the starboard side on 
about the center line of the ship. On the port side, from forward to aft, 
are two evaporators with distilling pump between, a pF target air com- 
pressor, and a turbo-generator set. On the starboard side of the space is 
the main geared turbine set with a 1000-ton salvage pump, a steam-driven 
extraction pump, a motor-driven extraction pump, and the main circulating 
pump under the high control platform forward; two forced-lubrication 
pumps are aft on the same side (one motor and the other steam) and a 
feed transfer pump near the hull side. There are also two fire and bilge 
pumps, one on each side of the ship. The after engine room is similar but 
transposed en echelon. 

When steaming, these machinery spaces are very hot. The reason for 
this is that they are boiler rooms grudgingly conceding space to turbines 
rather than engine rooms also accommodating boilers. _ Bo-senint while 
the temperature of the air on the boiler footplates is 112 deg. F. normally, 
rising to 118 deg. F. maximum, the air high up on the turbine control 
platform has a normal temperature even higher than this, During the 
first trials of some of the ships of this class contractor’s engineers are said 
to have found conditions trying, and when they made their first trips 
through the tropics the ventilation left much to be desired. Comparatively 
simple modifications effected improvement and it is understood that in later 
ships modification to the ventilation was made and ambient temperatures 
reduced as a consequence. 

_Auxiliaries in other machinery spaces and elsewhere in the ship include 
diesels for driving generators, Hp. air compressors, CO, refrigeration 
machines, air conditioning plant, etc. The only reciprocating pumps seem 
to be the oil fuel transfer pumps in the starboard auxiliary machinery 
space. The impulse turbines driving 250 Kw. auxiliary dynamos turn 
at 6500 Rpm. and the Allen diesel dynamos have an output of 200 Kw. 
Each evaporator has an output of five tons of water per hour when the 
coils are clean. Some 100 tons of water a day is used for domestic purposes 
and about 20 tons a day when at sea for feed water. There is a diesel 
engine for providing power for auxiliary steering. Some of the fans are 
steam driven and some electric, again so as to have alternative sources of 
supply. The galleys and bakeries are electric. 
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“CoLossus” AND OTHER CLASSES. 


The twenty small fleet aircraft carriers under discussion are properly 
divided into five classes, ranging from light to intermediate types, The 
first seven ships, namely the Colossus, Glory, Ocean, Theseus, Triumph, 
Venerable and Vengeance, constitute the Colossus class. They were laid 
down by Vickers-Armstrongs (on the Tyne), Harland & Wolff, Alexander 
Stephen, Fairfield, Hawthorn Leslie, Cammell Laird, and Swan Hunter 
respectively, between June and December, 1942;.they were launched during 
September, 1943, to October, 1944, and completed from December, 1944, to 
1946. With a standard displacement of 14,000 tons (17,720 tons full load) 
they have a length of 69414 ft.,.a beam of 80% ft. and a draught of 23 ft. 
They have a capacity of 39 to 44 aircraft and are armed with numerous 
pompoms and 20 mm. anti-aircraft guns. They have no armor protection. 
The starboard island rising from the flight deck, comprising a small 
funnel, light tripod mast and narrow bridge superstructure, rises from an 
overhanging sponson, thus allowing practically the whole width of the 
flight deck to be used throughout its length. 

Two somewhat similar ships, the Magnificent and Warrior, both built by 
Harland & Wolff Ltd., Belfast, and launched on November 16 and May 
20, 1944, respectively, have been transferred to the Royal Canadian Navy. 
With a displacement of 14,000 tons, they have a length of 650 ft, at the 
waterline and 690% ft. overall, their beam being 80 ft. (waterline) and 
112% ft. (overall). They carry 40 aircraft and are armed with pompoms 
— 40mm. Bofors A.A. guns. They have a complement of 1000 officers 
and men. 


The maintenance aircraft carriers Perseus (ex Edgar) and. Pioneer 
(ex. Mars), both built by Vickers-Armstrongs (the former.on the Tyne 
and the latter at Barrow), were intended to be additional units of the 
Colossus class when laid down on June 1 and December 2, 1942, respec- 
tively, but were launched on March 26 and May 20, 1944, and completed. in 
August and February, 1945, as “aircraft maintenance ships” and are 
apparently modified versions of the Unicorn. They have precisely the same 
displacement, dimensions, armament and propelling machinery as the 
seven units of the Colossus class and a similar appearance with. the 
Fe of the -_prominent square superstructure erected on the flight 

aft. 


Later. SHIPs. 


Five light fleet aircraft carriers laid down in 1942-43 and launched 
between: September, 1944, and September, 1945, the Hercules (Vickers- 
Armstrongs on the Tyne), Leviathan (Swan Hunter), Majestic (Vickers- 
Armstrongs, Barrow), Powerful (Harland & Wolff), and Terrible (H.M. 
Dockyard, Devonport), constitute the Majestic class. The differences be- 
tween these ships and those of the Colossus class are not perceptible as 
regards external appearance, but as none is yet quite complete there may 
be some later. Modifications are largely confined to internal accommoda- 
tion on the mess decks. All are insulated for tropical service and air- 
conditioned, the ships’ sides being sprayed with asbestos cement instead of 
being The watertight doors are of a ‘smaller, improved pattern, 
being of the Mechan pressed type, with steam heating round the weather 
doors to prevent the clips icing up in the Arctic. Leading from the cable 

ck to the forefoot is,a downcomer pipe similar to a hawsehole for. 
securing the paravane shoe taking the paravane back hawl. Accelerator 

ear, similar to the catapult formerly fitted in cruisers, will be’ installed 
orward on the port side of the flight deck, which will be reinforced to 
take ud aircraft than the machines for which this class: was originally 
designed. As far as possible: all power capacities are split to allow of 
alternative supply in the case. .of failure of one source, some of the 
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auxiliaries being steam and others electrically driven, The complement of 
this class has been provisionally estimated at 1343 officers and men. The 
Leviathan was towed from Newcastle to H.M. Dockyard, Portsmouth, 
in July. Structurally she is almost 100 per cent complete, but completion 
of fitting out will take some time. The Hercules is not so far advanced 
and she has been laid up at Dalmuir. ; 


“Hermes” Crass. 


Laid down in 1944, the Albion (Swan Hunter), Bulwark, Centaur (both 
Harland & Wolff) and Hermes (ex Elephant, Vickers-Armstrongs, 
Barrow), constitute the Hermes class. These ships are improved and 
enlarged versions of the Majestics, with a standard displacement of 
18,300 tons, and are known as intermediate light fleet carriers. Of those 
originally ordered, the Arrogant, Monmouth and Polyphemus, together 
with the original Hermes, have been cancelled. 

The maintenance aircraft carrier Unicorn, built by Harland & Wolff 
Ltd., also acted as a light fleet aircraft carrier during the war. Although 
laid down as a Fleet Air Arm supply and repair ship on June 29, 1939, 
she was not launched until November 20, 1941, and when completed on 
March 12, 1943, was equipped to carry 35 aircraft. She was present at 
Salerno. With a standard displacement of 14,750 tons (20,300 tons full 
load), she has four Admiralty three-drum boilers and Parsons type 
geared turbines of 40,000 Shp. on two shafts. She is armed with eight 
dual-purpose guns, two multiple pompoms and numerous 20 mm, A.A. 
weapons. She is now equipped for duty as an aircraft repair ship, but in 
appearance resembles the normal light fleet aircraft carriers for which she 
probably provided the pattern, although there is one important difference 
between the two types. The Unicorn has a draught of only 19 ft. com- 
pared with the 23 ft. of the Colossus class, and she has 4 greater beam 
to length ratio than the light fleet aircraft carriers of similar displace- 


ment. She has ample runway and space for testing aircraft after major 
repairs. 


NEW TYPE MARINE REDUCTION GEAR. 


In this article by W. A. Witham of the Western Gear Works, reprinted 


inom “Motorship” for April, 1947, a marine: application of planetary gears 
is descri 


A spiral bevel planetary reduction gear for marine use which saves up 
to seven eighths the space used by the conventional type reduction gear 
and two thirds the weight has been introduced by Western Gear Works 
of Lynwood, California, after several years of research and development. 
Yet all this has been accomplished with no’ sacrifice in durability or reli- 
ability—on the contrary, the new gear has been shown in tests to have 
longer life and to be able to stand greater strain than a conventional 
gear unit. 

The small size and light weight permits the to be placed at a point 
45 feet aft of the diesel propulsion ine,. ees ahead of the aire take 
stuffing box, in what is considered to be. waste space’ in the shaft alley. 

The location of the diesel engine isthe same as with the conventional 
gear but instead of having the gear directly aft of the engine in the engine 
room, a high speed, low torque: intermediate shaft runs back to the new 


type gear. This not only reduces the: red ‘but, saves considerable 
dead ‘weight inthe oeale eal cote tite ae ee 
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How the gear can be located is shown in the accompanying sketch and 
is further shown in the actual view aboard the tuna clipper Sherry Ann. 
The saving of space for the gear means more cargo space, a better 
arranged engine room and better weight distribution. 


Ready accessibility for inspection and service is possible as it is only 
necessary to remove the boards of the catwalk. The gear has its own 
built-in lube oil pump and reservoir and the only external accessories are 
an oil pressure gauge and a heat exchanger. A low pressure alarm can 
be provided which can be installed on the engine control board. The lube 
oil pump provides pressure lubrication to all the bearings and spray 
lubrication to the gear teeth. 


The planetary gear principle is not new as aircraft engineers have 
recognized for years the inherently greater load capacity of this type of 
gear and are using it with all large radial engines for driving the propeller 
at reduced speeds. For this service, minimum weight is a must. 


The Western bevel planetary gear uses spiral bevel gears to provide the 
utmost in smoothness and quietness. 


The most striking way to illustrate the potentialities of the planetary 
gear and the reason for its inherent characteristics of light weight and 
compactness is by means of a specific application. Thus, consider a con- 
ventional parallel axis reduction gear, having a reduction ratio of 2:1 with 
a pinion pitch diameter of 22 inches, gear pitch diameter of 44 inches and 
face widths of 18 inches. Using conventional methods of calculating 
capacity, this unit would be rated at approximately 1000 Hp. at 500 Rpm. 
Tooth loading would thus amount to 637 Ibs. per inch of tooth face. 


Now consider a bevel planetary unit for the same power and speed 
reduction ratio. Assume a pitch diameter of 22 inches for. the driving 
gear, this being the same pitch diameter as the conventional pinion pre- 
viously mentioned. Using six planet pinions, each having a face width of 
3 inches, we have 18 inches of effective face, the same as specified in the 
conventional gear. Tooth loading is, therefore 637 pounds per inch of tooth 
face, exactly the same as in the conventional gear. But whereas the con- 
ventional gear must be over 44 inches high, over 66 inches wide and sub- 
stantially over 18 inches long, the bevel planetary unit need be only 
slightly over 22 inches in diameter and only 18 inches long. 


It is customary in conventional offset shaft, helical and herring-bone 
reduction gear units to heat treat the pinions to a hardness of 210 Brinell, 
and gears to 180-190 Brinell. This appears to be a practical maximum for 
gear tooth hardness in gears of this size for the obvious reason that all 
finish machining must be accomplished after heat treating and the 
material kept in the freely machinable range in order to maintain the 
required degree of accuracy. Practically perfect matching of the helices 
of the gear and pinion must be produced and maintained if the expected 
load carrying capacity is to be realized. This requires extreme care and 
precision machining of all control surfaces, such as the journals and 
mounting surfaces, It also requires large precision hobbing or shaping : 
equipment, and the finest hobs and auxiliary equipment. To maintain the 
original alignment in service requires a heavy, rigid gear case. 


The relatively small diameter and particularly the short faces of the 
bevel gears used in the bevel planetary unit make it entirely practical to 
fully harden these gears to utilize the full potential value of the alloy 
steels regularly used in propulsion gearing, All of the bevel gears used 
are cut in standard spiral bevel gear generators of moderate size, the 
steel being preheat-treated at this stage only to provide the best possible 
machinability. The gears are subsequently carburized and oil hardened, 
the oil quenching being accomplished in standard type gear quenching 
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presses which control, and in fact, practically eliminate distortion. After 
hardening, the tooth profiles are smoothed up in a short lapping operation 
in standard bevel gear lapping machines. By this means, tooth surfaces 
of Rockwell C 60 hardness are produced which are unsurpassed for 
surface durability and strength. 


American Gear Manufacturers Association data in general use in the 

design of gearing, shows that case hardened gearing has a load carrying 
¢apacity of 3% times the capacity of gears heat treated to 180-210 Brinell. 
On this basis, the planetary unit with a 22 inch driving gear and six 
pinions will, if rated at the same capacity as the conventional gear, have 
a factor of safety at least 334 times that of the conventional gear, insofar 
as the gears are concerned. 
' The life of spiral bevel gears is calculated on the basis of fatigue life 
by a method developed by the General Motors Research Laboratories 
and the Gleason Works. By using their formulas and curves, it is possible 
to predict with exceptional accuracy the fatigue life of the case hardened 
spiral bevel gears. Unusually high fatigue life is an inherent characteristic 
of case hardened gears, inasmuch as the hardening operation produces 
residual surface stresses of the order of 90,000 Psi. in compression. 
Because fatigue cracks do not start or progress in a compressively stressed 
surface, case hardened gears have inherently high fatigue life. Residual 
compressive stress and fatigue life can be increased further by shot 
peening. 

The conservativeness of the tooth loading of 637 pounds per inch of face 
on the bevel planetary gears is indicated by the fact that rear axle gears 
in trucks are loaded to over 9000 pounds per inch of face, and planetary 
bevel gears in the main propeller drives of our modern airplanes are 
loaded to 1500 pounds per inch of face and higher. 


The general internal arrangement of the Western bevel planetary gear 
may be seen in the illustrations. The bevel gear at the left is the driver, 
the gear at the right being the stationary or sun gear, which is held against 
rotation -by means of the Thomas flexible coupling attached to the main 
propeller thrust bearing housing. 


Study of this arrangement will illustrate another outstanding advantage 
of the Western bevel planetary gear, in its inherent rigidity due to the 
arrangement of the internal components. The output shaft, which is of 
massive proportions, is the main.structural member of the assembly. Both 
of the side gears, as well as the cage which carries the planet pinions 
are mounted directly on this output shaft. All gear thrust loads are taken 
by the shaft, none being transmitted into the housing. The stationary gear 
is held to the housing through a Thomas flexible coupling of a type which 
permits practically free axial movement without introducing any backlash 
into the system. Distortion of the gear case caused by deflections of the 
hull is compensated by the Thomas coupling and such distortion cannot; 
therefore, affect the meshing or alignment of the gears in any way. Rigid 
mountings for the planet pinions are provided by straddle mounting them 
between well spaced, anti-friction bearings of ample capacity and rigidity. 
Obviously, in this construction, the function of the gear case is principally 
that of forming an enclosure to retain oil and to exclude dust and dirt. 
It may therefore be made extremely light in weight. 


_A_ specific example of the possible weight savings in a tuna clipper or. 
similar vessel by using a Western Gear Works 2:1 bevel planetary reduc- 
tion gear with a high speed engine in comparison with direct ‘drive low 
speed engine is given in accompanying table. 


Thus, the 2:1 reduction gear will provide the same propeller speed and 
the same torque at the propeller with a saving of 30,500 Ibs. 
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WeEicHT COMPARISON. 
Direct Drive Engine. 
6 cylinders, 16 in. by 20 in. 
Rating: 1200 Hp. at 300 Rpm... ..0..........0 2. eee et 80,000 ibs. 
Reduction Gear Engine. 
8 cylinders, 12 in. by 20 in. 





Rating: 1200 Hp. ‘at 600 Rpm................... oes 45,000 Ibs. 
Sapibk tiie WCE oss oe vc cans oy ta 7¥20tane Reo ee 35,000 Ibs. 
Weight of Western Bevel Planetary Gear. 

S3b, CRUD 60s Sinties wesenhoe is (astanete pS See 4,500 Ibs. 
New Weight Saving per Engine. ..:. 00... 6002.0. ecu eee tees 30,500 Ibs. 


DISTILLING-PLANT ECONOMY 


In this article, reprinted form ‘Mechanical ye for May, 1947, 
Mr. Impagliazzo of Griscom-Russell Co., discusses the relative economy of 
various types of evaporator plants currently in use. 


Recently published papers have renewed interest in distilling-plant economy , 
and in comparisons of the relative economy of the compression-type plants 
with the conventional steam-heated types. 


COMPRESSION DISTILLATION. 


The principle of compression distillation dates back to the nineteenth 
century. Periodically, advances in the art of its applications have given it a 
temporary popularity which then has disappeared as a result of the develop- 
ment of more economical arrangements of conventional types. These 
advances have generally been stimulated by extraordinary wartime conditions. 
A plant using a steam-jet compressor was built during the first world war and 
was tested at the U. S. Naval Engineering Experiment Station at Rep ~ 
A report on the results of the tests was presented by M. C. Stuart in 1918. 
“Performance” approximating 3-effect operation of conventional-type plants 
wasreported. The most recent development in this field employs a mechanical 
compressor, and its arrangement is shown in Fig. 1. “Performance” ranging 
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from 5 to 15-effect operation, depending upon the type of drive, is claimed. 
for this unit. This high ‘‘performance’’ has led to some erroneous conclusions 
regarding the economy of these units. 

n order to avoid the confusion regarding terms which exists in the distilling- 
plant literature, the following definitions will be adhered to strictly ‘in. this’ 
paper: 

ee ratio” or simply ‘‘steam ratio’ means pounds of distillate 
per Dg of heating steam. 

“‘Fuel-economy ratio” or simply “fuel ratio’’ means pounds of distillate per 
pound of fuel, based upon fuel having a heating value of 18,500 Btu. per lb. 

“‘Over-all economy ratio’’ means total cost (including cost of fuel, interest, 
amortization, care, and maintenance) of producing a unit quantity of distillate. 

The steam ratio, very inappropriately called ‘‘efficiency”’ in distilling-plant 
literature, is useful only in comparing the performance of two steam-heated 
plants using the same, or a similar, source of steam. If the steam supply 
differs, two plants having the same steam ratio may have widely different 
fuel and over-all economy ratios. For example, consider two single-effect 
distilling plants both heated by steam at 5 psig; assume the first to be heated 
by exhaust from steam-driven auxiliaries while the second employs steam 
direct from a boiler. Both may have a steam ratio of 0.95, but if the heat of 
the auxiliary exhaust would otherwise be wasted, no additional fuel is required 
to operate the first distilling plant, and its fuel ratio is infinite. The fuel 
ratio for the second plant is approximately 15. 

A comparison of the fuel ratio of the compression-type plant with that of 
the second steam-heated plant in the previous example permits the conclu- 
sion that the compression-type plant gives results comparable to a multiple- 
effect conventional-type plant. By the same reasoning, however, it may be 
stated that the first steam-heated plant results in a fag slr onal compar- 
able to an infinite number of effects. There are very few industrial installa- 
tions where the heating steam is taken directly from the boiler; hence the: 
“performance” of practically all single-effect installations is equivalent. to 
many effects. It is obvious that ‘‘performance’’ comparisons of this nature 
can me very confusing. 

The over-all economy ratio provides the best means for comparing the 

ormance of different types of plants or of similar plants differently. 

. The fuel-economy ratio is one of the factors affecting the over-all 
economy ratio, but not necessarily the controlling factor. The presentation 
of quantitative over-all economy ratios for various types of plants is beyond 
the scope of this paper since these depend to a large extent upon local condi- 
tions, and vary widely with the price and wage structure. This paper must 
necessarily be limited to a presentation of fuel-economy ratios and to a 
discussion of some of the other factors affecting the over-all economy. 


PERFORMANCE OF “‘COMPRESSION-DISTILLATION”’ UNITs. 


The performance of compression-type distilling plants was discussed fully 
and ably by Mr. Latham. The analysis which follows is based upon Mr. 
Latham’s paper, and upon many discussions with operators in the field. 
Some of the material previously published is repeated for convenience. ’ 

In the o ting cycle shown in Fig. 1 raw evaporator feed-water passes 
through a heat exchanger in which it is heated by the distillate and by the 
brine discharge. Evaporation takes place in the evaporator shell at atmos- 
pheric pressure and therefore at about 212 F. The vapor produced then is 
compressed to about 3 psig and discharged into the evaporator aa 
element where it is condensed. Its heat generates more vapor in the shell 
and the cycle is repeated. The plant requires an auxiliary source of heat to 
produce vapor initially and to make up heat losses in excess of the heat 
supplied by the compressor. 

The compressor and any necessary pumps may be driven electrically or by 
an engine. In the former case, auxiliary heat is supplied by electrical heating 
elements in the evaporator shell, while in the latter, it may be supplied by 
waste heat from the engine in a heat exchanger not necessarily within the shell. 
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The best performance of these units is illustrated by the following heat 
balance based upon the quantities and temperatures of Fig. 1: 


Heatin, Heat out, 


Btu. Btu. 
Evaporator teed? i. kc. avai hee tis 35 
COMIPIONBOES i Gick aicsiad cc cee cee ERR GS « 35 
Aunilfarycheater 22360660055 isi 2 sa ee 35 
Distillage® 222i is DR ASS HS 38 
Brine foGGers i ee BS SEBS GBs He dav 12 
Radiation, venting and other losses........... 55 
105 105 


*Heat content above 32 F. 


A heat input of only 15 Btu. per Ib. of distillate would be required at the 
compressor for ideal adiabatic compression through the range indicated, but 
a minimum of about 35 Btu. is required in the actual unit. 

Within rather wide limits, compressor efficiency is of no importance in the 
case of the electrically driven unit inasmuch as any increase in heat supplied 
to the compressor is accompanied by a reduction in heat required by the 
auxiliary heater and vice versa. A total of about 70 Btu. per Ib. of distillate 
must be supplied by electrical energy in amy case. Assuming an over-all 
power-plant thermal efficiency of 25 per cent, the fuel must supply 280 Btu. 
This results in a fuel-economy ratio of 66. 

In the engine-driven unit, where waste heat is utilized to supplement that 
supplied by the compressor, a fuel-economy ratio of about 160 is possible. 
A reduction in compressor efficiency has a direct effect on this ratio, however, 
since auxiliary heat comes from a source that would otherwise be wasted, and 
therefore a reduction in the amount required does not effect any saving to 
compensate for the increased amount of energy required by the compressor. 

Scale on the evaporator-tube surfaces affects the fuel-economy ratios for the 
two types of drive in the same manner as compressor efficiency. As scale 
accumulates, the heat-transfer coefficient is reduced. In order to maintain 
the same output, the temperature difference across the evaporator tubes 
must be increased. This means that the vapor must be compressed to a 
higher pressure; hence more energy must be supplied to the compressor. This 
has little effect on the fuel-economy ratio of the electrically driven unit but 
does reduce that of the engine-driven one. 

Average fuel-economy ratios of about 60 for the electrical drive and 140 
for the engine drive may be expected in actual service. These can be obtained 
only at very low temperature differences (not over 15 deg F.) between the 
compressed vapor dad the boiling liquid. Unfortunately, at these low tem- 
perature differences, the lade ttabiier coefficient is also very low. The 
cumulative effect of a low tem ture difference and a low heat-transfer rate 
necessitates a large amount of heat-exchange surface in the evaporator for a 

iven capacity. so addition, the brine outlet-feed inlet and condensate outlet- 
eed inlet tem ture differences must be made very small, a fact which 
necessitates a large amount of heat-exchange surface in the feed heater. 

These two factors, together with the compressor, result in relatively high 
fixed charges which affect the over-all economy adversely. 

In order to maintain high average fuel ratios, venting and radiation losses 
must be carefully controlled, especially in the case of the electrically driven 
unit. All heat-transfer surfaces must be kept fairly free of scale. These 
factors result in relatively high maintenance costs. 


PERFORMANCE OF STEAM-HEATED DISTILLING UNITs. 


For single-effect steam-heated plants where boiler steam is supplied directly 
to the evaporator, and where the heat of the evaporator vapor is absorbed by 
raw circulating water, the fuel ratio is approximately 15. Even multiple- 
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FIG. 2 TYPICAL SINGLE-EFFECT LOW-PRESSURE DISTILLING PLANT 





16S LBS /SQ.IN. ABS. 


FIG. 3 TYPICAL TWO-EFFECT LOW-PRESSURE DISTILLING PLANT 
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effect plants operating between the same limits result in relatively poor fuel 
economy. 

Unusually high fuel ratios can be obtained, however, by using low-pressure 
bleed steam to operate independent vacuum-type distilling plants, as illus- 
trated in Figs. 2 and 3, or by making use of a “‘reducing-valve” evaporator. 
The term, “reducing-valve” evaporator, has usually been used to designate 
only those units which actually replace a reducing valve, i. e., where steam at 
a given pressure is condensed in the evaporator, and the evaporator vapor 
at a lower pressure is then utilized in some industrial process. It is proposed 
here to use the term in a broader sense so as to include any evaporator so tied 
in with other plant operations that the lower-pressure evaporator vapor is 
returned to the system to take the place of the steam used by the evaporator. 
Thus evaporators used in series with bleeder heaters in power plants (illus- 
trated in Fig. 4) will fall in this general classification. 
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CONDENSER 70 BOILER RETUAN 
SYSTEM 
F1G. 4 REDUCING-VALVE TYPE EVAPORATOR FOR STEAM POWER 
PLANTS 


In order to analyze the performance of “‘reducing-valve” evaporators and 
low-temperature distilling plants operated by bleed steam, turbine perform- 
ance must be known. Fig. 5 indicates approximately the amount of heat per 
pound of steam converted into mechanical en in expanding from an initial 
pressure of 1200 psia, and a total emperature of 950 F., to a final pressure of 
2 in. Hg abs. A turbine engine efficiency of 80 per cent has been assumed. 

A total of 458 Btu. per Ib. are converted into mechanical energy in the 
complete expansion. If the steam is bled from the turbine at 10 psia, 344 
Btu. are converted into work, a reduction of 114 Btu. This means that the 
increase in steam to be produced at the boiler is only (114/458) or 0.249 Ib. 
for every pound bled in order to maintain the same turbine energy output. 
If the condensate from the bled steam is returned to the boiler-feed circuit 
with only 10 deg subcooling, it will be at a temperature of 183 F. instead of 
the 101 F. in the main condenser, and it is fair to reduce the 0,249 Ib. slightly 
to compensate for the higher drain temperature. The equivalent is found to 
be actually about 0.23 Ib. In a similar manner, the equivalent increase at 
the boiler per pound of steam bled at any point can be determined. 


INDEPENDENT LOw-PRESSURE PLANTs. 


In the low-pressure distilling plants shown diagrammatically in Figs. 2 and 
3, steam is bled from the turbine at about 165 psia to operate the air ejector 
(and any necessary pumps), and from a lower pressure to supply the necessary 





098 Ie YO IEAE LEE NY BE PUM AOE IES NG ARLE YA ODL OIE PLE, 








| 
‘ 


DP GE: 


ps Aa cht ae Nar 


ponte: = — pk a 


*, 


i 2h. cael eee e 
SS ah nlaea afte 


ESR TU Re E 


aoe 
oP RLKN 


eH 


bsizpi 


teste 








NOTES. 


100 


50 


30 
20 


BLEED POINT-LBS. PER SQ. IN. ABS. 


no wb w 





BTU PER LB. OF STEAM CONVERTED INTO 
WORK IN TURBINE , INITIAL STEAM CONDITION 
1200 PSI,ABS. & 950°F 
APPROXIMATE BTU PER POUND STEAM CONVERTED TO 
WORK 
(Expansion from 1200 psia and 950 F.) 


DOUBLE 
EFFECT 


SINGLE 
EFFECT 





LBS. DISTILLATE PER LB. FUEL 


3 4 56 10 20- 30 
BLEED POINT-LBS. PER SQ.IN. ABS. 


FIG. 6 FUEL ECONOMY OF LOW-PRESSURE BLEED STEAM-HEATED 


PLANTS 











NOTES: 537 


heat for evaporation. From the distilling-plant heat balance, the amount of 
steam to be bled at each of these points per pound of distillate may be deter- 
mined. These values may then be conv to their equivalents at the boiler 
by the application of proper factors. The amount of fuel required to produce 
this additional steam at the boiler, and to supply also the further additional 
steam to preheat it in accordance with the appropriate power-plant heat 
balance, then may be determined. 
Fig. 6 shows the results of such calculations for three typical power plants. 
This chart is based upon the following conditions: 
(a) Initial steam conditions at turbine throttle: 
Curve 1 415 psia, total temperature = 700 F. 
Curve 2 615 psia, total temperature = 900 F. 
Curve 3 1200 psia, total temperature = 950 F. 
(b) Turbine exhaust = 2 in. Hg abs. 
(c) Engine efficiency of turbine = 80 per cent. 
(d) Heat value of fuel = 18,500 Btu. per Ib. 
(e) Boiler efficiency = 85 per cent. 
(f) Allowance has been made for steam required to operate the distilling- 
plant air ejector, to power the necessary pumps, and to make up all heat losses. 


(g) Steam condensate from the air-ejector condenser and from the first- 


effect tube nest is returned to the boiler-feed circuit at a temperature reason- 
ably close to saturation. 

(h) Allowance has been made for blowdown at the rate of 200 per cent of 
the distilling-plant output. This high rate of blow is desirable in sea-water 
plants. In fresh-water plants, where the amount of blow can be reduced, the 
fuel economy will be increased by about 5 to 10 per cent. 


REDUCING-VALVE EVAPORATORS. 


The fuel economy of ‘‘reducing-valve’’ evaporators, used in series with 
bleeder heaters, can also be determined by making use of Fig. 5. Consider, 
for example, a single-effect distilling plant heated by bleed steam at 20 psia 
and delivering vapor at 10 psia to a boiler-feed heater. Assuming the evapo- 
rator produces 0.90 Ib. of distillate per pound of steam (higher values may be 
obtained by poets the feed by means of the blow and the distillate), it is 
necessary to bleed 1.11 lb. of steam per pound of distillate. Each pound bled 
at 20 psia is ap wae to (153/458) or 0.334 lb. at the turbine inlet, and there- 
fore the flow thr the turbine must be increased by 0.334 X 1.11 or 0.372 
lb. for every penn mi distillate. However, 1.02 lb. of steam would have to 
be bled at 10 psia in any event in order to accomplish the same amount of 
boiler-feed heating obtained per pound of distillate. This would be equivalent 
to 1.02 X (114/458) or 0.254 af ib. of steam at the turbine inlet per pound of 
distillate. Furthermore, the 1.02 Ib. would be returned to the system at 
about 190 F. instead of about 220 F. actual drain temperature from the 
evaporator heating element. An additional flow of 0.01 Ib. would be sequined 
through the turbine to compensate for this difference in drain tem 
Thus the net increase in steam flow ‘O10F the turbine per pound o: distillate 
is only 0.371 — (0.254 X 0.01) or 0.107 Ib. Reawesing upon the sr 
power plant involved, the amount of fuel oil necessary to generate this greater 
amount of steam will ‘be between 0.0075 and 0.0092 Ib.; ee a the Ee hata 
ratio is between 110 and 132 lb. of distillate per pound. of fuel. By a similar 
process, an evaporator supplied with steam bled at 5 psig pi returning va 
at 0 psig to a boiler-feedwater heater will be found to have a fuel ratio 
tween 165 and 190. 

The fuel-economy ratio increases as the difference in pressure between the 
bleed point and the evaporator vapor is reduced. At the same time, however, 

‘ the amount of evaporator heat-transfer surface Ragen: for a given output 
also increases very rapidly. From the stand in org economy 
alone, the optimum pressure difference must be found by balancing the reduc- 
tion in fuel costs against the resulting increase in fixed costs. In existing 
power plants of course other factors may also require consideration. 
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There is little of a general nature that can be said about reducing-valve 
evaporators providing steam for industrial processes. If the steam is bled at 
a higher pressure because of the existence of the evaporator, the fuel ratio may 
be determined in the same manner as for the reducing: valve evaporator used 
in series with a bleeder heater. If, however, the evaporator actually takes the 
place of a —s valve in supplying reduced-pressure steam for some indus- 
trial process, the fuel ratio depends upon the additional heat required at the 
boiler to make up the difference between the steam that would have been 
delivered by the reducing valve and that which is actually produced in the 
evaporator for the same input. These fuel ratios will generally be higher than 
those for reducing-valve-type evaporators used in power plants since there 
is no power loss to be considered. 


RELATIVE PERFORMANCE OF VARIOUS TYPES. 


In some cases the question of relative over-all economy of the various types 
of units may be entirely academic because. the conditions imposed may make 
some other criterion more important. Thus, the military may consider 
mobility more important than economy, or space considerations may dictate a 
single-effect pens where a double-effect plant might prove more economical, 
etc. The following general observations, however, are usually applicable: 

1. Heat losses from radiation, venting, brine discharge, etc., are of critical 
importance in the case of compression-type units but only of minor importance 
in most steam-heated units, and negligible in the case of low-pressure inde- 
pendent plants. Thus an increase in these losses of 20 Btu. per Ib. of distillate 
over those upon which the fuel. ratios previously given were based would 
reduce fuel economy as follows: 


Per cent 
Electrically driven compression unit.................. 22 
“Reducing-valve” evaporator..............++.+++0-- 7 
Low-pressure independent plant.................... 2 


2. Because of the negligible effect of heat losses, low-pressure independent 
plants are especially suitable for use where the quality of the raw water is such 
as to require a large amount of continuous brine yarcup! g With sea water, 
for example, good practice requires a blowdown rate of 200 per cent of the 
distillate to minimize scale formation. The fuel ratios given for compression- 
type units were based upon a blowdown rate of py 25 percent. An increase 
to 200 per cent would require an enormous feed heat exchanger in order to 
maintain the same brine-outlet-feed inlet temperature difference, and even 
then would result in a reduction of about 35 per cent in the fuel ratio. The 
fuel ratios given in Fig. 6 for low-pressure plants are already based upon a blow- 
~~, rate of 200 per cent and no brine-feed heat exchanger whatever is re- 
quired. 

3. Steam-heated plants are generally simpler to operate than vapor- 
compression-type units. Heat input and heat output automatically balance 
themselves in steam units whereas it is necessary to achieve this balance by 

lating the amount of auxiliary heat supply, or by rhe erie the amount 
of brine dactenege in the compression-type units. Control of water levels, etc., 
can be made automatic in both types, : 

4. In most cases, both the initial and maintenance costs of compression-type 
units for a given capacity will be ter than those of steam units. A large 
part of these charges can be attributed to the compressor. 

5. Scale formation is practically eliminated by low-pressure low-temperature 
distillation. When the heating steam temperature does not exceed 160 F. and: 
evaporation takes at 125 F. or less, operation with untreated feed for a 
year or more without cleaning is quite possible. At present, such low- © 
temperature distillation is not practical with compression-type units because 
the size and cost of vapor compressors increase prohibitively as the suction 
pressure is reduced. Future advances in steam-compressor performance may 
remove this disadvantage. 
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6. Good fuel economy can be obtained in the vapor-type compression units 
with very low temperature differences. At the same temperature difference, 
the single-effect low-pressure bleed-steam-heated plant yields about the same 
fuel economy as the engine-driven compression-type unit, while the 2-effect 
low-pressure plant and reducing-valve evaporators give better results. 

7. The cost of engine fuels is considerably highest than that of boiler fuels. 
This may make the internal-combustion-engine-driven compression-type unit 
the least economical when the other alternatives are possi 

8. Vapor-compression- type units appear to be economical only in cases 
where distillation must be accom ames entirely independently of a steam 
power plant or other steam installation. If there is a cheap source of elec- 
tricity available, the electrical drive should prove advantageous. The engine- 
driven compression-type unit is particularly useful where great mobility is 

esirable 





PROBLEMS IN THE MECHANICAL DESIGN OF GAS TURBINES. 


High temperatures involved in the operation of the gas turbine have 
introduced many new problems in the ae erties of the metals with which 
the designer has to work. This paper by Mr. Ronald B. Smith, Vice President 
of the Elliott Company, is reprinted from the Journal of Applied Mechanics 
for June 1947 and outlines some of these problems and otees a line of so Biot 
taken successfully by the author's em! in solving them. (The Elliott 
Company is under contract with the Navy for the manufacture of an experi- 
mental gas turbine). 


MaAcHINE-DEsIGN CONCEPTS ALTERED WITH ADVENT OF HIGH 
TEMPERATURES. 


Apart from the problems of manufacture and production, the mechanical 
design of an engineering structure can y be reduced to a consideration 
of two broad technical problems, as follows: 

1. An analytical determination of the stresses imposed on the structure as 
a result of external loads. 

2. An evaluation of the stresses in relation to the physical properties of the 
— which the —— is eee cel NS high 

or the greater part, or at least un “a vent e ~temperature 
turbine, our concept of mechanical design has been closely with 
Hooke's law and yield-point failure. Under these circumstances; the: 
of elasticity has provided a means for the computation of stress, and for the 
vast majority of our materials, the Mises-Hencky condition of.maximum strain. 
energy a criterion of failure. From our present point of view, the si 
attached to yield-point stress, in evaluating what we now a low- 
temperature design, is the important feature. The structure was designedfor 
elastic yielding only, with the parts so proportioned that the yield-point stress 
was the ultimate to which the material could be ee. without wee oat 
about distortions that. would cause failure. 


The inadequacy of Hooke’s law in — the physical of a 
material at elevated oe was th y. yi santa by te Ta 
more than 20 years ago, with the result that an extensive program of creep- 


testing and analysis was undertaken and, in fact, ig:still in progress. However, 
even the realization that stress was a function of time as well as strain did 
not alter basically our concept of design. Almost without exception we 
directed our high-tem ture creep s toward the deve' ent of 
a which woul — aur rates less + Se Dae es ar S . under 
the ng imposed; we to mip or Liners minimum 
—— Yielding, and our theory failure remained essentially . that of 


These premises have proved entirely satisf for the design of machinery 
operating at temperatures up to 900 bie and whe proven fespandiy en. er in. 
light of our most recent experiences. with can likewise be 
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defended on the ground that they tied elevated-temperature machine design 
to the broad fundamentals which had been established for normal-tempera- 
ture onan: 

The advent of the gas turbine for operating service at temperatures in 
excess of 1000 F. has necessitated'a complete change in our design concepts. 
The materials available for construction yield so continuously to these tem- 
peratures that, if they are to be used ner earlers all hope for designs in which 
yielding Gating tive normal life span can be held to 0.1 per cent or less must be’ 
abandoned. The designs must be mechanically sound for continuous yielding 
to the extent of 0.5 to 1 per cent. It is evident that the im nce formerly 


attached to creep is considerably altered, while the Mises- me! criterion of 
I 


yielding: under combitied stresses is obviously inapplicable. igh-tempera~- 
ture machinédesign> of necessity, has abandoned completely the framework 
of our previous theory and, in so doing, has pushed the designer out on the 
same limb he was rescued from some 30 years ago. It is the object of this 
paper to discuss the present basis of high-temperature machine design as it 
is practiced by at least one engineering group, with the hope that by empha- 
sizing its short-comings the.designer may be more rapidly rescued from the 
uncomfortable position he now_occupies. 


APPLICATION OF THEORY OF PLASTICITY. 


For the computation of steady stress, the high temipecstire machine designer 
is on a fairly solid ground, as a result of the work already done on the theory 
of plasticity by Nadai and others. Disks are computed on the basis of an 
average tangential stress uniformly distributed over the radial cross section, 
bending stresses are evaluated upon a parabolic rather than a triangular 
stress distribution, and simple tension is evaluated without regard to stress 
concentrations. In many respects stress analysis under plastic circumstances 
is’simpler than it is under elastic circumstances; it is in the evaluation of a 
safe working stress that the greatest uncertainty exists, 
Present designs of the author’s company are based upon the maximum- 
stress theory oF failure, and the evaluation of working stress is made on the 
basis of the stress-to-rupture test in simple tension at elevated temperature. 
A’ typical set of working data for 19-9DL at 1200 F. is shown in Fig. 1. Not 
only the stress to rupture but the total elongation versus stress and time: is 
plotted.” Working ‘stresses for short-life ines, such as aircraft turbines, 
are based upon an expected life of 1000 to 1500 hr., whereas er machinery 
is designed on the basis of 100,000 hr. at full temperature. e stress-rupture 
tests are generally extrapolated linearly on the semilog plot of Fig. 1, to arrive 
at a values of the stress to rupture under these long-time periods. 
ortunately, most of our working data have been extended to include 
rupture failures for testing times of 10,000 hr.,°so that the extrapolation 
gerftrally covers only one logarithmic cycle. The working stress is usually 
selected for'the given period of time; at a value of 50 to 60 per cent of rupture 
rape but 6 alas serious vibratory stresses are anticipated added safety is 
introduced. For a working stress of 60 per cent of rupture strength, the total 
plastic yieldi Will generally be from. to 1 per cent, and the design is made 
to allow for at least this degree of yielding without. disastrous interferences 
between rotating and stationary members: W here close clearances are required 
for reasons of efficiency, they are made with thin sealing strips which wear’ 
away'as yielding occurs. ae : 


Maxmmum-Stress THEORY OF RUPTURE. 


The maximum-stress theory of rupture is most assuredly open to criticism, 
but on the basis of present-day evidence, it appears to be the only logical: 
choice. Even for normal temperatures there exists as yet no satisfactory 
definition of the surface of rupture as a function of the three principal stresses, 
alth the surface of yielding is fairly well prescribed. A critical examina- 
tion of rupture theory by both engineers and metallurgists is urgently needed, 
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_ For high-temperature design, the rupture test should be so conducted that 
it yields not only fracture time but a continuous record of elongation as well. 
Typical stress-rupture tests on three materials at constant stress and tem- 
perature are illustrated in Fig. 2. While all three of these materials will 
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Fig. 2 Typrcat Stresa-Ruptvure Tests aT CONSTANT STRESS AND 
TEMPERATURE 


indicate the same stress to rupture, neither material B nor C is as satisfactory 
to the designer as material A. Material B has the same strength and elonga- 
tion at fracture as material A, but its secondary creep rate is very much 
greater, with the result that design difficulties are multiplied. Material C, 
while it possesses a secondary rate of creep that is entirely satisfactory, 
fractures with low elongation. From the designer’s viewpoint a sharp break 
in the rupture curve, such as is exhibited by material A, is desirable inasmuch 
as warning of impending failure is given thereby before it actually occurs. 
Until more evidence is available, both the w one and the creep test are 
valuable in establishing design information of the type represented in Fig. 1, 
although the creep test should be looked upon merely as a rupture test which 
within the testing time did not progress beyond the second stage. 


Ductitity oF HiGH-TEMPERATURE MATERIALS. 


Many of our really strong high-temperature materials exhibit less than 
5 per cent ductility at fracture under temperature and, in a number of cases, 
successful designs have been made using materials which fracture with only 
1 per cent ductility. The question of how much setiity is necessary for good 
design obviously needs a re-examination. For fairly uniformly stressed 
members such as disks, computations show that less than % per cent elonga- 
tion is ample to redistribute the stresses from an elastic to a plastic state. 
For members in which concentrated stresses may exist, such as is found in 
the threads of bolts, or in the roots of broached turbine blading, from 2 to 3 
per cent elongation is a necessity if these highly localized stresses are to be 
redistributed without incipient cracking. Materials which fracture with from 
3 to 5 per cent elongation, and with definite evidence of third-stage yielding 
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are, in the author's opinion, entirely satisfactory for the design of any gas- 
turbine member. A general agreement on this matter by oie ani engineers 
is greatly desired by both the metallurgists and the steel producers. 


FATIGUE FRACTURES. 


The criterion of failure when vibratory stresses are encountered at elevated 
temperatures is also unknown, although the seriousness of the problem is 
apparent from recent reports of gas-turbine failures as a result of fatigue 
fractures. At elevated temperatures, an endurance limit is most certainly a 
function of time; in fact there is evidence which suggests that the endurance 
limit and the rupture strength are identical for some materials when operating 
near their economical working temperature. 


Fig. 3 shows the results of reverse bending tests on 19-9DL at 1200 F. When 
the cycles to fracture are transposed to a time basis, the data agree with the 
corresponding values of steady rupture stress. From these results, the rate 
of strain would appear to have little influence on strength, although heretofore 
it has been held to be a significant variable. 


In Fig. 4 is shown the fatigue-fracture results from tests on a Krouse 
machine in which a variable tension of + 15,000 psi was superimposed on a 
steady stress. The material is S-590, and the results obtained at a tempera- 
ture of 1350 F. indicate that the variable stress is of no significance in its 
effect on rupture, even when the variable stress is as great as 60 per cent of 
the steady stress. While the results of these two tests may appear incom- 
patible, it is possible to reconcile them, providing the relation between variable 
stress and static stress is related by functions of the type shown in Fig. 5. 
Unfortunately, no controlled tests on one material loaded both variably and 
ig pa are yet available so that only boundary points on the diagram of 

ig. 9 exist. 


ENOURANCE 
“& UMIT 
ae 
| ~ 
e a. 





ae eye 
ao : 


1350° F a 
RUPTURE STRESS 
“—— 100 HRS. 
1000 HRS. 
|— 10000 HRS. 
enn] \ 





VARIABLE STRESS 





\ pints 














STATIC STRESS &- 


Fie. 5 Posstsre RevaTionsHip Between STEADY AND VARIABLB 
Stress at ELEVATED TEMPERATURES 

















NOTES. 545 


Although the notch sensitivity of materials at elevated temperature is 
unknown, the influence of stress concentration when vibrating loads are 
present is neglected on the basis that localized yielding will alleviate concen- 
trations in a relatively short time. This assumption deserves close scrutiny 
for it is certain that, unless external damping is present, vibratory stresses at 
resonance may be large; inasmuch as the internal damping capacity of high- 
temperature materials is zero for all practical purposes. 


BoLTING MATERIALS. 


A problem of particular concern to the designer of long-life apparatus is 
that of bolting. Materials which possess g creep strength in the usual 
sense of the word are not necessarily good in relaxation, for in this case low 
first-stage creep, combined with high ductility is essential. Efforts to approxi- 
mate a relaxation stress from creep data have been unsatisfactory, with the 
result that step-down tests, as described by Robinson, are now considered as 
important as rupture tests in determining the properties of a material. The 
relaxation is also analyzed for creep rates. 

The bolts are designed for retightening each 10,000 hr. with a working 
stress of approximately 60 per cent of the relaxation limit. The initial tight- 
ening stress imposed on the bolt is practically unimportant in fixing the relaxed 
stress, although the effect of strain-hardening introduced by repeated retight- 
ening is definitely beneficial, Relatively loose-fitting threads have proved 
superior in respect to galling, to ground closely fitted parts, at least, in 19-9DL 
type material. Colloidal silver compound has been uniformly satisfactory 
with temperatures up to 1400 F. in eliminating galling when both nut and bolt 
are of 19-9DL. Slight differences in the ient of expansion between the 
bolt material and the flange material have proved particularly vexatious when 
the joint cannot be easily retightened. For these applications it is customary 
to introduce an additional elastic flexibility in the joined parts. 
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ASSOCIATION NOTES. 


ADDRESSES. 
It is urged that each member keep the Society informed as to 
his correct address. 
Soctety LAPEL BUTTON. 


Shown below is an illustration of the lapel button of the 
Society. It is believed that it will be conceded that this is a 





very fine, dignified insignia. It is one-half inch in diameter. 
The oak leaves and lettering are red on a gold back-ground. 
It is available to all members at fifty cents (SOc) each. 


ANNUAL MEETING AND NOMINATIONS TO OFFICES FOR 
1948-1949. 


In accordance with its By-Laws, the Annual Meeting of the 
Society was held in Washington, D. C., on Tuesday 7 October, 
1947. The following nominations for President and Secretary- 
Treasurer for 1948, and for Council Members for 1948-1949 


were made: ‘ 


For President: 
Rear Admiral R. W. Paine, U.S.N. 


For Secretary-Treasurer: 


Captain F. W. Walton, U.S.N. 
Captain J. E. Hamilton, U.S.N. 














ASSOCIATION NOTES, 547 


For Member of Council: 


Rear Admiral J. W. Fowler, U.S.N. 

Rear Admiral T. C. Lonnquest, U.S.N. 

Captain L. V. Honsinger, U.S.N. 

Captain Rex L. Hicks, U.S.N. 

Captain W. N. Mansfield, U.S.N.R. 

Lieut. Commander Nicholas Tiedeman, U.S.N.R. 
Mr. E. C. Magdeburger 

Mr. M. Douglas Gibson, Jr. 


Ballots have been distributed. Polls close at 3:30 P.M. on 
Friday, 26 December, 1947. 





AMENDMENT To By-Laws. 
The following amendment to the By-Laws has been proposed: 


Paragraph 9—Amend by the addition to the sentence ‘“‘In the 
temporary absence of the President, the senior 
member present of the Council of the three 
branches of the Service shall act as President’’ 


so that the paragraph shall read: 


Paragraph 9—‘‘The President shall excercise the usual duties 
ofthat office. In the temporary absence of the 
President, the senior member present of the 
Council of the three branches of the Service shall 
act as President’’ 


Provision for voting on this proposed amendment has been 
made on the ballot for offices. 


PriIzE Essay For 1947-1948. 


Technical essays are invited from any member of the American 
Society of Naval Engineers, any Navy or Coast Guard officer or 
enlisted man, regular or reserve, in competition for the 1947 
essay prizes. In order not to be restrictive in subject matter, 
the Council will consider all papers which fall within the scope of 
paragraph 2 of the by-laws, the pertinent part of which is here 
quoted : 

“The object of the Society shall be to promote a knowledge of 
marine engineering and Naval architecture by reading, discus- 
sing and publishing papers on professional subjects; by bringing 
together the results of experience acquired by engineers in all 
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parts of the world and publishing them in the JouRNAL of the 
Society; by publishing the results of such experimental and other 
inquiries as may be deemed of value to the advancement of the 
science; and by recording historical events in the lives of en- 
gineers.” ; 

The contestant may select any subject consistent with the 
requirements of the foregoing papargraph. The Council con- 
siders subjects directly affecting marine engineering and Naval 
architecture, e.g., corrosion resistance, electronics navigational 
aids, metallurgy, etc., to be within the scope of the by-laws pro- 
vided the application to ships is considered in the essay. Con- 
siderable latitude in treatment of a subject is permissible. For 
example, if a contestant is particularly conversant with one 
phase of a problem, a paper confined to that one phase would not 
be ruled out. Supporting engineering data may or may not be 
included at the option of the contestant. 

Articles must be received by the Secretary-Treasurer, Ameri- 
can Society of Naval Engineers, Navy Department, Washington, 
D. C., by March 1948. One prize of $500, one of $300 and one - 
of $200 may be awarded for papers considered by the Council 
to be worthy of such awards. Those papers awarded prizes 
will be considered the property of the Society and may be pub- 
lished in the JouRNAL without further payment. If so published, 
due credit will be given to the author. If other papers sub- 
mitted in the contest are published in the JOURNAL, they will 
be paid for at the prevailing publication rates. All other papers 
will be returned. 

In judging articles, first consideration will be given to techni- 
eal contents. English composition, originality of contents, 
analysis of problems presented, and possibilities of practical appli- 
cation of conclusions reached are also factors to be considered. 

The length of the article is not restricted, but one in the order 
of 5000 words is suggested. 

Any article submitted in accordance with the above rules must 
be plainly marked to indicate that it is submitted in competition 
for the Prize Essay Award. 


SCHOLARSHIP. 


The Council announces the continuation of the Scholarship at 
Webb Institute of Naval Architecture, Crescent Beach Road, 
Glen Cove, Long Island, N. Y. 
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The Scholarship provides for total expenses for candidates 
who qualify for entrance. 


Eligibility for qualifying for Scholarship and entrance are: 
a. Be a full dependent of Member of the Society (Male). 


b. Be between -16 and 21 years of age at time of qualifying 
examinations (June of year of entrance). 


c. Be an American citizen. 
d. Be unmarried. 


e. Be acceptable to the Institute and Society (demonstrated 
by competitive written and oral examinations). 


f. Applicants must have at least 16 credits from an accredited 
high school or equivlaent, including the following: 


4 years of English 
2 years of a foreign language 
1 year of Physics 
2 years of History (1 year of which must 
be American History) 
1% years of Algebra 
1 year of Plane Geometry 
¥% year of Solid Geometry 
¥% year of Plane Trigonometry 


Successful completion of the course at the Institute leads to a 
degree of Bachelor of Science. 

The Institute will arrange for conducting examinations in the 
locality of the applicant’s residence. Examinations will be con- 
ducted during June and entrance follows in August (specific dates 
will be included in individual notices). 

Applicants must make application to Secretary-Treasurer, 
American Society of Naval Engineers direct, not later than 
1 May 1948. 


MEMBERSHIP. 


Attention of all non-member officers is especially invited at 
this time to the advantage and benefit to be attained by mem- 
bership in this Society. The Society was organized in 1888— 
for the sole purpose of the advancement of Engineering. . Its 
JouRNAL, published quarterly, in February, May, August and 
November, and completing its 59th year of continuous publica- 
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tion, has attained a foremost rank in its field and is a recognized 
authority throughout the engineering world. It is used generally 
by Naval officers and civilians alike as reliable reference book. 
The Bureau of Ships considers the JOURNAL of such value that it 
makes it available for the libraries of all Naval vessels and 
shore activities of any size. The presence of the JOURNAL in 
your personal library cannot fail to be of great benefit to you, 
often making available information of great value which can be 
obtained from no other source. 


It is particularly suggested that officers of the Naval Reserve, 
who are returning to civil life, should arrange for membership 
prior to detachment from active duty. 


Annual dues are $5.00, which are probably lower than those of 
any other technical Society. There is no initiation fee, nor any 
extra charge for the JoURNAL. This extremely low cost is possible 
only because the Society is bona fide operated solely for your 
benefit without any pecuniary profit to any one. 


An application blank generally will be found at the back of 
each copy of the JouRNAL. However, if none is found, applica- 
tion by letter will be accepted. 


It is suggested that Members will confer a real favor on non- 
members by bringing the Society to their attention. 


The Annual Meeting of the 
Society for Experimental Stress Analysis 
will he beld at 
The Hotel Pennsylvania, New York, Beg 
on 
December 4, 5, 6, 1947 


Inquiries should be addressed to the Society for Experimental 
Stress Analysis, P.O. Box 168, Cambridge 39, Massachusetts. 


MEMBERSHIP ADDITIONS. 


The following have joined the Society since the publication of 
the August, 1947, JourNAL. Addresses of personnel on ships 
not given: 
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NAVAL. 


Brown, John B., Captain, U.S.N., 
Bureau of Ships, Navy Dept., Washington, D. C. 
Carson, Alfred Joseph, Lieut., U.S.N.R.., 
214 E. Gilpin Ave., Norfolk, Va. 
Duran, August J., Lieut. Commander, U.S.N.R.., 
Mech. & Elec. Power Engineer, & Marine Engineer 
175 N. Victoria St., St. Paul Minn. 
Foster, Richard E., Lieut. Commander, U.S.N., 
Code 665, Bureau of Ships, Navy Dept., Washington, D. C. 
Kasl, James M., Lieut., j.g., U.S.N.R. 
Engineering Dept. The Ocean Accident and Guarantee 
Corp., Ltd. 1727 Federal Reserve Bank Building, 
Kansas City, Mo. 
Gaasterland, C. L., Commander, U.S.N. 
U. S. Submarine Base, Navy No. 128, c/o Fleet P.O. 
San Franscisco, Calif. 
Griffin, John J., Lieut., U.S.N.R., 
Asst. Engr., National Aeroil Burner Co., Phildelphia, Pa. 
Mail 433 West Chew St., Philadelphia 20, Pa. 
Kell, Walter M., Commander, U.S.N.R., 
_ 442 South George St., York, Pa. 
Mann, Everett E., Captain, U.S.N., 
Naval Training Schools, Mass. Inst. of Technology 
Cambridge 39, Mass. 
Millar, Donald, B., Lieut., U.S.N. 
Muller, Herbert S., Lieut., j.g., U.S.N., 
254 Roff Ave., Palisades Park, N. J. 
Sawyer, John W., Lieut. Commander, U.S.N.R., 
Code 641, Bureau of Ships, Navy Dept., Washington, D. C. 
Sheldon, Frank M., Lieut., U.S.N. 
Terhune, John A., Commander, U.S.N., Ret. 
1000 Second St., Coronado, Calif. 


CIvIL. 
Koehne, K. H., Head Special Devices, Office of Naval Research 
Branch Office, 616 Mission St., San Francisco, Calif, 
Mail 675 3d Avenue, San Francisco, Calif. 
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Marx, Clarence J., Senoir Project Engineer, Reliance Electric & 
Engineering Co., Cleveland, Ohio. 
Mail 1190 East 152d St., Cleveland, Ohio. 

Matiuk, Alexander, Chief Mech. Engineer, Douglas M. McBean, 
Inc., Construction Engineers, Rochester, N. Y. 
Mail 597 East 53d St., Brooklyn, N. Y. 


ASSOCIATE. 


Barnicle, J. Lester, Traffic Representative, Mississippi Shipping 
Co., 255 Transportation Building, Washington, D. C. 
Juhl, Vernon S., Planner & Estimator, Planning Branch, Plan- 
ning Division, Pearl Harbor Naval Shipyard, Pearl Harbor, 

T.H. 


Korlick, Paul J., Equipment Specialist, Naval Supply Depot, 
Mechanicsburg, Pa. 
Mail 20 Birch Lane, Middletown, Pa. 

White, H., Commander (E) Royal British Navy, 
1910 K St., N.W., Washington, D. C. 


TRANSFER ASSOCIATE To CIVIL. 


Gambel, Charles L., Yard Supt., Gulf Engineering Co., New 
Orleans, La. 
Mail 511 Hector Avenue, Metairie, 20, New Orleans, La. 2 








